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(57) Abstract 



A method for testing a plurality of integrated circuits. In one embodiment, a plurality of integrated circuits are arranged on a wafer 
(1601). The integrated circuits are separated on the wafer across the boundary region (1611). Testing interconnects are disposed across 
the boundary region to test switchable couplings included in each of the integrated circuits on the wafer. After the integrated circuits are 
tested on the wafer using the testing interconnects across the boundary region, the boundary region is removed, which separates the wafer 
into individual integrated circuit dice and severs the testing interconnects. 
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TESTING INTEGRATED CIRCUIT DICE 

RELATED APPLICATIONS 

This application is related to co-pending application serial 

number _] , , filed r _, 1998, entitled " Functionally 

Symmetric Integrated Circuit Die," which is assigned to the Assignee of 
the instant application. 

This application is related to co-pending application serial 

number _J , t filed , 1998, entitled "Pixel Integrated 

Circuit," which is assigned to the Assignee of the instant application. 

BACKGRO UND OF THE INVENTION 
Field of the Invention 

The present invention relates generally to the field of electronic 
devices and, more specifically, the present invention relates to 
integrated circuits. 

Background Information 

There is currently a need in industry for a cost-effective, efficient 
and practical method for producing large arrays of electronic elements 
that can provide, produce or detect voltages. One example of such a 
need is that of displays, where each voltage becomes a subpixel 
intensity. Flat panel displays (FPDs) have become a multibillion dollar 
industry and is presently a growing portion of the high-resolution display 
market, which is itself growing rapidly. Liquid crystal displays (LCDs) 
dominate the FPD marketplace. One type of FPD is the active matrix 
LCDs or active matrix displays. Active matrix displays have a 
substantial worldwide infrastructure and are a proven commercial 
technology. 

Each picture element or pixel of an active matrix LCD contains 
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one or more thin film transistors. The presence of these active elements 
make it possible to more clearly and precisely control the brightness of 
each pixel, which dramatically improves the quality of the display. The 
advantages of active matrix LCDs become more pronounced as the 
screen sizes and resolutions increase. However, as screen sizes and 
resolutions increase, the manufacture and production of active matrix 
LCDs become increasingly difficult because is challenging to produce 
active matrix LCDs with high yields. For example, if a particular active 
matrix LCD has an unacceptably large number of defects, such as for 
example defective transistors or pixels, the entire active matrix LCD is 
discarded even though a relatively small number of elements are 
defective compared to the total number of elements on the active matrix 
LCD. 

One concern with the increasing size of large arrays of electronic 
elements is that as the number of electronic elements in the array 
increases, the lower the probability that all of elements in the array will 
work properly. With existing techniques, it is difficult to test any of the 
elements until the assembly is complete. If there are imperfections in 
the array, the imperfections must be tolerated. Otherwise, the entire 
array must be discarded, or special and expensive techniques must be 
used to repair the imperfections in the array. 

Silicon very large scale integration (VLSI) processes may be 
used to produce an array of electronic elements over a silicon wafer 
surface. A disadvantage with using these processes is that silicon 
wafers are conductive, limited in size and are generally not transparent. 
Furthermore, large areas of processed silicon wafers can be expensive. 
In particular, displays that valve the light coming through them need to 
be largely transparent. Single crystal silicon can be bonded to a glass 
substrate, and then etched to remove most of the area to achieve 
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transparency, but this is intrinsically wasteful in that, for the sake of 
maximizing light transmission, the majority of the processed material is 
discarded, and becomes chemical waste. The underutilization of the 
precious die area wastes resources, causes greater amounts of 
chemical waste to be generated in the process, and is generally 
inefficient and expensive. 

There are of course countless other examples of arrays of 
electronic elements that have useful applications. Another example of 
such an array is a photodiode array to collect solar energy. Large 
arrays of silicon photodiodes with concentrating lenses have been 
made by sawing wafers and using pick and place assembly, but thermal 
dissipation is poor for large elements, and small elements required too 
much assembly time. 

Thus, what is desired are methods and apparatuses for 
fabricating and testing arrays of electronic elements. 

SUMMARY OF THE INVENTION 

In one embodiment, methods and apparatuses providing 
functionally symmetric integrated circuit dice are disclosed. In one 
embodiment, an integrated circuit die is disclosed that includes a 
substrate and a plurality of interface pads to couple the integrated circuit 
die to receptor site of an electronic device. The plurality of interface 
pads of the integrated circuit die are arranged in the substrate such that 
the electronic device operates with the integrated circuit die mounted to 
the receptor site in any one of a plurality of orientations relative to the 
receptor site. 

In another embodiment, methods and apparatuses providing 
integrated circuits for display pixels are disclosed. In one embodiment, 
an integrated circuit device is disclosed that includes a first transistor 
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coupled between an input and a first pixel of a display. The first 
transistor is configured to couple the first pixel to receive an input signal 
from the input in response to a first select signal. The integrated circuit 
device also includes a second transistor coupled between the input and 
the first transistor. The second transistor is configured to couple the first 
transistor to receive the input signal in response to a second select 
signal. 

In yet another embodiment, methods and apparatuses for testing 
integrated circuit dice are disclosed. In one embodiment, a method for 
testing a plurality of integrated circuits is disclosed to include the steps 
of arranging a plurality of integrated circuits on a wafer. The plurality of 
integrated circuits includes a first integrated circuit arranged on the 
wafer adjacent to a second integrated circuit. A first end of a switchable 
coupling of the first integrated circuit is coupled across the boundary 
region of the wafer to a first end of a switchable coupling of the second 
integrated circuit. A switchable coupling is verified between a second 
end of the switchable coupling of the first integrated circuit and a second 
end of the switchable coupling of the second integrated circuit across 
the boundary region of the wafer. The first integrated circuit is then 
separated from the second integrated circuit by separating the wafer at 
the boundary region. Additional features and benefits of the present 
invention will become apparent from the detailed description, figures 
and claims set forth below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example and not 
limitation in the accompanying figures. 

Figure 1 is an illustration of one embodiment of an array of 
electronic elements that may be mounted into receptor sites of an 
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electronic device in accordance with the teachings of the present 
invention. 

Figure 2 is an illustration of one embodiment of a functionally 
symmetric integrated circuit die element having a plurality of interface 
pads and a corresponding mutually functionally symmetric receptor site 
having a plurality of corresponding interface pads. 

Figure 3 is a schematic of one embodiment of an integrated 
circuit in accordance with the teachings of the present invention. 

Figure 4 is an illustration of one embodiment of a layout of an 
integrated circuit die in accordance of the teachings of the present 
invention. 

Figure 5 is an illustration of one embodiment of a substrate of an 
active matrix display having a plurality of pixels and receptor sites in 
accordance with teachings of the present invention. 

Figure 6 is a schematic of one embodiment of an example circuit 
in accordance with the teachings of the present invention. 

Figure 7 is a schematic of yet another embodiment of an 
integrated circuit in accordance with the teachings of the present 
invention. 

Figure 8 is schematic of still another embodiment of integrated 
circuit in accordance with the teachings of the present invention. 

Figure 9 is an illustration of another embodiment of a layout of an 
integrated circuit die in accordance with the teachings of the present 
invention. 

Figure 10 is an illustration of another embodiment of a substrate 
of an active matrix display having a plurality of pixels and receptor sites 
in accordance with the teachings of the present invention. 

Figure 1 1 is an illustration of another embodiment of a 
functionally symmetric integrated circuit die element having a plurality of 
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interface pads and a corresponding mutually functionally symmetric 
receptor site having a plurality of corresponding interface pads. 

Figure 12 is a schematic of another embodiment of integrated 
circuit in accordance with the teachings of the present invention. 

Figure 13 is a schematic of yet another embodiment of an 
integrated circuit in accordance with the teachings of the present 
invention. 

Figure 14 is an illustration of yet another embodiment of a layout 
of an integrated circuit die in accordance with the teachings of the 
present invention. 

Figure 15 is an illustration of yet another embodiment of a 
substrate of an active matrix display having a plurality of pixels and 
receptor sites in accordance with the teachings of the present invention. 

Figure 16 is an illustration of one embodiment of a wafer 
including a plurality of integrated circuit dice arranged thereon with 
testing interconnects disposed across boundary areas in accordance 
with the teachings of the present invention. 

Figure 17 is an illustration of still another embodiment of a 
functionally symmetric integrated circuit die element having a plurality of 
interface pads and a corresponding mutually functionally symmetric 
receptor site having a plurality of corresponding interface pads. 

Figure 18 is a schematic of still another embodiment of integrated 
circuit in accordance with the teachings of the present invention. 

Figure 19 is an illustration of still another embodiment of a 
substrate of an active matrix display having a plurality of pixels, row 
select lines and analog select lines in accordance with the teachings of 
the present invention. 
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DETA1LED DESCRIPTION 

Methods and apparatuses for providing arrays of integrated 
circuits in electronic devices are disclosed. In the following description, 
numerous specific details are set forth in order to provide a thorough 
understanding of the present invention. It will be apparent, however, to 
one having ordinary skill the art that the specific detail need not to be 
employed to practice the present invention. In other instances, well- 
known materials or methods have not been described in order to avoid 
obscuring the present invention. 

In one embodiment, the present invention relates to a design and 
a series of steps and a resulting structure for forming an array of active 
devices on a substrate which, by way of example, could be plastic, glass 
or a separately fabricated silicon substrate, among others. One 
embodiment of the present invention provides arrays of elements that 
can be, for example, individually addressed, driven to a particular 
voltage or electrically measured. Examples of array structures to which 
the present invention may be applied include, but are not limited to, 
displays, x-ray detector panels, solar cell arrays, memory arrays, long 
wavelength detector arrays, phased arrays of antennas, or the like. 

In another embodiment of the present invention, electronic 
subelements including small integrated circuit dice that are functionally 
symmetric under specific rotations are utilized. In one embodiment, the 
individual integrated circuit dice have a trapezoidal cross section. The 
trapezoidal cross section of one embodiment help the individual 
integrated circuit dice to be mounted into receptor sites of another 
substrate of an electronic device using for example fluidic or vibrational 
random placement. 

For instance, in one embodiment, integrated circuits may be 
formed using conventional VLSI techniques and then later separated 
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into individual integrated circuit dice by micro-machining into separate 
elements. In so doing, the integrated circuits may be designed in one 
embodiment in a way that enables them to be tested before assembly, 
so that any defective elements can be discarded. 

In one embodiment, the successfully tested integrated circuit dice 
are later mounted in an array onto another substrate, which may be 
formed from many different materials such as for example but not limited 
to plastic, glass, metal and others, or in layers of one material on 
another, such as for example plastic on a glass substrate. 

In one embodiment, the design of the integrated circuit dice that 
are later mounted onto another substrate of electronic device includes 
features such that the process of interconnecting the elements of the 
array use only a single layer of metalization, thereby reducing the 
possibility of interlayer shorts on the array of the electronic device. 

Figure 1 is an illustration of a portion of a substrate 101 of an 
electronic device having a plurality of receptor sites 103, 105, 107, 109, 
111, 113, 115, 117 and 119. As also shown in Figure 1 , a plurality of 
elements 121, 123, 125, 127, 129, 131, 133, 135 and 137 are each 
shaped to be mounted into the receptor sites 103, 105, 107, 109, 111, 
113, 115, 117 and 119. After the elements are mounted into the 
corresponding receptor sites, an array of electronic elements is realized 
in accordance with the teachings of the present invention. 

In one embodiment, each of the elements including elements 
121, 123, 125, 127, 129, 131, 133, 135 and 137 are individual 
integrated circuit dice that have been micro-machined and tested before 
being mounted into the receptor sites 103, 105, 107, 109, 111, 113, 115, 
117 and 119. In one embodiment, each of the elements 121, 123, 125, 
. 127, 129, 131, 133, 135 and 137 is functionally symmetric such that 
each one of the elements is interchangeable with another one of the 
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elements. That is, the electronic device of substrate 101 would function 
properly independent of whether element 121 is ultimately mounted into 
receptor site 103, receptor site 105, receptor site 107, etc. 

As will be discussed in greater detail below, in one embodiment 
of the present invention, each one of the elements 121, 123, 125, 127, 
129, 131, 133, 135 and 137 is functionally symmetric over a plurality of 
rotational orientations. For example, in the embodiment illustrated in 
Figure 1, the electronic device of substrate 101 would function properly 
if element 121 is mounted into receptor site 103 as shown. Furthermore, 
the electronic device of substrate 101 would also function properly if 
element 121 were rotated 90 degrees and mounted into receptor site 
105, or if element 121 were rotated 270 degrees and mounted into 
receptor site 1 07, etc. 

Figure 2 is an illustration of greater detail showing a receptor site 
203 in a substrate 201 of an electronic device. Figure 2 also shows an 
element 209 that is configured to be mounted into receptor site 203. As 
shown in Figure 2, the cross section of element 209 in one embodiment 
of the present invention is trapezoidal. In one embodiment, the 
trapezoidal cross section of element 209 of the present invention help 
element 209 to be mounted into receptor site 203 using fluidic self- 
assembly, vibrational tables, or the like. 

In one embodiment of the present invention, element 209 and 
receptor site 203 have physical shapes that allow element 209 to be 
mounted in receptor site 203 in any one of a plurality of orientations 
relative to receptor site 203. For explanation purposes only, assume 
that the top of Figure 2 is "North" and that arrow 21 1 is fixed on element 
209 as shown in Figure 2. In the embodiment illustrated in Figure 2, 
element 209 and receptor site 203 each have four-fold or four degrees 
of symmetry. As can be appreciated to those skilled in the art, other 
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shapes having other degrees of symmetry (e.g. two degrees of 
symmetry, three degrees of symmetry, etc.) may be utilized in 
accordance with the teachings of the present invention. In the example 
illustrated in Figure 2, element 209 may be mounted in receptor site 203 
with arrow 21 1 pointing "North," "East," "South" or "West." 

In one embodiment, element 209 is an integrated circuit die on a 
substrate. In one embodiment, the integrated circuitry of element 209 is 
coupled to a plurality of interface pads 213, 217, 219, 221, 223, 225, 
227, 229 and 231 arranged on one side of element 209. Similarly, there 
are a plurality of interface pads 233, 235, 237, 239, 241, 243, 245, 247 
and 249 in receptor site 203 that are arranged to be coupled to the 
plurality of interface pads 213, 217, 219, 221, 223, 225, 227, 229 and 
231 when element 209 is mounted in receptor site 203. 

In one embodiment, element 209 and receptor site 203 are 
mutually symmetric such that element 209 can be mounted into receptor 
site 203 in any one of the plurality of orientations discussed above and 
the integrated circuit of element 209 will nevertheless provide the proper 
function for the electronic device of substrate 201 . Therefore, in one 
embodiment of the present invention, each one of the plurality of 
interface pads 213, 217, 219, 221, 223, 225, 227, 229 and 231 are 
functionally symmetric and therefore provide a predetermined function 
for the integrated circuit of the element 209 independent of the 
orientation in which element 209 is mounted in receptor site 203. 
Therefore, the electronic device of substrate 201 will function properly 
with interface pad 213 coupled to either interface pad 233, 237, 249 or 
245. It is observed that in the embodiment illustrated in Figure 2, 
interface pad 223 of element 209 will be coupled to interface pad 241 of 
receptor site 203 in all of the possible orientations in which element 209 
can be mounted to receptor site 203. 
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It is appreciated that there are a countless number of functions 
that the plurality of interface pads of element 209 can provide. It is also 
appreciated that other embodiments of the present invention may 
included a greater or a fewer number of interface pads, and may be 
arranged in different patterns in accordance with the teachings of the 
present invention. For example, in one embodiment, element 209 
contains circuitry that couples interface pad 223 to interface pad 217 in 
response to interface pad 219. In one example embodiment, the 
circuitry of element 209 includes integrated circuit devices such as for 
example transistors that are coupled between the plurality of interface 
pads through vias. In another example embodiment, the circuitry of the 
element 209 couples interface pad 219 to interface pad 223 in response 
to interface pads 217 and 225. Depending on the particular 
embodiment of circuitry included in element 209, the interface pads in 
receptor site 203 can be coupled, driven, grounded, etc., accordingly. 

Figure 3 is a schematic of one embodiment of an integrated 
circuit 301 that may be included in element 209 of Figure 2 in 
accordance with the teachings of the present invention. As shown in 
Figure 3, integrated circuit 301 includes a transistor 331 coupled 
between interface pads 223 and 227. A transistor 337 is coupled 
between interface pads 223 and 221 . A transistor 335 is coupled 
between interface pads 223 and 229. A transistor 333 is coupled 
between interface pads 223 and 225. The gate of transistor 331 is 
coupled to interface pad 219. The gate of transistor 337 is coupled to 
interface pads 213. The gate of transistor 335 is coupled to transistor 
pad 227. The gate of transistor 333 is coupled to interface pad 231 . 

It is noted that transistors 331, 333, 335 and 337 are illustrated in 
Figure 3 as N-channel field effect transistors. It is appreciated that in 
other embodiments of the present invention, other types of integrated 
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circuit devices may be utilized in integrated circuit dice, such as for 
example but not limited to P-channel transistors, bipolar junction 
transistors, or the like. In one embodiment, and interface pads 213, 219, 
231 and 227 are coupled to receive digital select signals. Since N~ 
channel transistors are utilized in embodiment illustrated in Figure 3, 
interface pad 217 is coupled to interface pad 223 in response to a 
logical "high" signal is received at interface pad 219. Similarly, interface 
pad 225 is coupled to the interface pad 223 when a logical "high" signal 
is received at interface pad 231. Interface pad 229 is coupled to 
interface pad 223 when a logical "high" signal is received at interface 
pad 227. Interface pad 221 is coupled to interface pad 223 when a 
logical "high" signal is received at interface pad 213. 

In one embodiment of the present invention, integrated circuit 301 
includes a diode 339 coupled to interface pad 213 and grounded to the 
substrate 347 of integrated circuit die 301 . It is noted that substrate 347 
is also shown as ground in integrated circuit die 301 in Figure 3. A 
diode 341 is coupled to interface pad 219 and grounded to substrate 
347. A diode 343 is coupled to interface pad 231 and grounded to 
substrate 347. In a diode 345 is coupled to interface pad 227 and 
grounded to substrate 347. 

As discussed above with respect to Figure 2, integrated circuit die 
301 in one embodiment may be included in element 209, which is 
mounted in receptor site 203 of substrate 201 of an electronic device. In 
one embodiment of the present invention, it is assumed that at least one 
of interface pads 213, 219, 231 or 227 is at ground or zero volts during 
normal operation of the electronic device of substrate 201 . In order to 
reduce the amount that the substrate 347 of integrated circuit die 301 
"floats" above zero volts, at least one of diodes 339, 341 , 343 or 345 will 
pull substrate 347 down to zero volts. For example, assume that 
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substrate 347 rises to a voltage above ground and that interface pad 
213 is at ground or zero volts. In this situation, diode 339 will "turn on" to 
maintain substrate 347 at ground. By maintaining substrate 347 at 
ground, it is appreciated that the risks of latch up or other undesirable 
consequences are reduced. 

Figure 4 is an illustration showing one embodiment of a layout of 
integrated circuit die 401 in a substrate 447 in accordance with the 
teachings of the present invention. The layout of integrated circuit die 
401 of Figure 4 corresponds to the schematic illustrated in Figure 3. In 
one embodiment, semiconductor substrate 447 includes silicon. In one 
embodiment, substrate 447 includes single crystal silicon. In one 
embodiment, vias 413, 417, 419, 421, 423, 425, 427, 429 and 431 of 
Figure 4 are coupled to interface pads 213, 217, 219, 221, 223, 225, 
227, 229 and 231 , respectively, of Figures 2 and 3. 

As shown in Figure 4, a channel 431 is disposed in substrate 447 
between vias 417 and 423. A channel 433 is disposed in substrate 447 
between vias 425 and 423. A channel 435 is disposed in substrate 447 
between vias 423 and 429. A channel 437 is disposed in substrate 447 
between vias 423 and 421 . As also shown in Figure 4, a gate 432 is 
disposed over channel 431 and is coupled to via 419. A gate 434 is 
disposed over channel 433 and is coupled to via 431 . A gate 436 is 
disposed over channel 435 and is coupled to via 427. A gate 438 is 
disposed over channel 437 and is coupled to via 413. In one 
embodiment, channel 431 and gate 432 of Figure 4 form transistor 331 
of Figure 3. The channel 433 and gate 434 of Figure 4 form transistor 
333 of Figure 3. The channel 435 and gate 436 of Figure 4 form 
transistor 335 of Figure 3. Channel 437 and gate 438 of Figure 4 form 
transistor 337 of Figure 3. 

As one can observe from the illustration of Figure 4, the layout of 
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integrated circuit 401 has four degrees of symmetry, which happens to 
equal the number of degrees of symmetry of element 209 of Figure 2. 
As will be discussed in greater detail below, other layouts having 
different degrees of symmetry than the corresponding element may be 
utilized in other embodiments in accordance with the teachings of the 
present invention. 

Figure 5 is an illustration of one embodiment of a portion of a 
substrate 501 of electronic device. In one embodiment, the electronic 
device of substrate 501 is an active matrix display. As shown in Figure 
5, substrate 501 includes pixels 503, 505, 507 and 509 as well as 
receptor sites 511, 513, 515 and 517. In the embodiment illustrated in 
Figure 5, receptor sites 51 1 , 513, 515 and 517 are compatible with the 
integrated circuit dice discussed above with respect to Figures 2-4. For 
example, integrated circuit die 301 may be mounted to receptor sites 
511 in any one of the above-discussed orientations because both 
integrated circuit die 501 and receptor site 51 1 have four degrees of 
symmetry. 

In the embodiment illustrated, pixel 503 is coupled to interface 
pad 521 to receptor site 51 1 . Pixel 505 is coupled to interface pad 539 
of receptor site 513 and interface pad 529 a receptor site 51 1 . Pixel 507 
is coupled to interface pad 533 of receptor site 51 1 , interface pad 549 of 
receptor site 51 3 and interface pad 567 of receptor site 515. Pixel 509 
is coupled to interface pad 551 receptor site 513, interface pad 585 of 
receptor site 517 and interface pad 575 of receptor site 515. 

Assuming that integrated circuit dice such as for example those 
discussed above with respect to Figures 2-4 are mounted into receptor 
sites 511, 513, 515 and 517, operation of the display of substrate 501 is 
as follows. As shown in Figure 5, a digital column select line 559 is 
coupled to be received by interface pad 535 of receptor site 511, 
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interface pad 549 of receptor site 513, interface pad 581 to receptor site 
515 and interface pad 595 of receptor site 517. A digital column select 
line 561 is coupled to be received by interface pad 519 of receptor site 
511, interface pad 541 of receptor site 513, interface pad 565 of receptor 
site 515 and interface pad 587 of receptor site 517. In one embodiment, 
digital column select lines 559 and 551 are used to activate an entire 
column of the display of substrate 501 . 

In one embodiment, analog row lines 557 and 563 are 
interconnects carrying analog pixel information for the pixels of the 
display. As shown in Figure 5, analog row line 557 is coupled to 
interface pad 527 of receptor site 51 1 and interface pad 545 of receptor 
site 513. Analog row line 563 is coupled to interface pad 573 of 
receptor site 515 and interface pad 591 of receptor site 517. 

Assume during operation of the active matrix display of substrate 
501 that digital column select line 559 is set to logical low value and that 
digital column select line 551 is set to a logical high value. As a result, 
the column including pixels 505 and 509 is selected, while the column 
including pixels 503 and 507 is deselected. Accordingly, the analog 
signal on analog row line 557 is coupled to be received by pixel 505 
through the interface pads 535 and 539 of receptor site 513. In addition, 
the analog signal on analog row line 557 is also coupled to be received 
by pixel 505 through interface pad 527 and 529 of receptor site 51 1. 
Similarly, the analog signal on row line 563 is coupled to be received by 
pixel 509 through the interface pads 591 and 585 of receptor site 517. 
In addition, the analog signal on row line 563 is also coupled to be 
received by pixel 509 through interface pads 573 and 575 of receptor 
site 515. It is noted that because column select 559 is at a logical low 
value, pixel 503 is not connected to row line 557 through interface pads 
527 and 521 of receptor site 511. Similarly, pixel 507 is not coupled to 
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row line 563 through interface pads 573 and 557 of receptor site 515. 
Indeed, pixels 503 and 507 are in a column that has not been selected 
with column select line 559. 

It is noted that each pixel of the display illustrated in Figure 5 is 
redundantly coupled to receive analog row information through a 
plurality of receptor sites in accordance with the teachings of the present 
invention. It is appreciated that this redundancy provides additional 
reliability to the display of substrate 501 in the event that there is a 
failure in an integrated circuit device that is included in one of the 
elements mounted in receptor sites 511, 513, 515 or 517. 

Another characteristic of the display of substrate 501 is that 
whenever a column the selected using, for example, digital column 
select line 559 or 561, the entire column of the display is selected. 
Therefore, in one embodiment, row driver circuitry is required to drive 
every pixel in the entire selected column of the display at a time. For 
large displays, this may amount to a substantial amount of circuitry to 
drive every pixel in the column of the display at a time. 

Figure 6 is a schematic of another embodiment of integrated 
circuit 601 in accordance with the teachings of the present invention. In 
one embodiment, integrated circuit 601 includes series coupled 
transistors 603 and 605 between an input 607 and a pixel 609 of a 
display. As shown in Figure 6, the gate of transistor 603 is coupled to 
receive a first digital select signal 61 1 and the gate of transistor 605 is 
coupled to receive a second digital select signal 613. Thus, in one 
embodiment, an analog input signal is received at input 607 and is 
coupled to pixel 605 in response to first and second digital select 
signals 611 and 613. 

In one embodiment, digital select signal 611 is a row select signal 
and digital select signal 613 is a column select signal. In another 
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embodiment, digital select signal 611 is a column select signal and 
digital select signal 613 is a row select signal. 

With integrated circuit 601 , it is noted that each individual pixel 
609 of the display may be individually addressed. Therefore, it is 
appreciated that in one embodiment well-known multiplexing 
techniques may be utilized such that a smaller amount of row driver 
circuitry is used to drive each pixel 609 of the display in comparison with 
displays that utilize only a single digital select signal for each pixel. 

For example, in one embodiment, the odd columns of pixels are 
driven during a first pass of a display refresh cycle and the remaining 
even columns of pixels are driven during the latter pass of the display 
refresh cycle. Accordingly, only half the amount of the row driver 
circuitry is utilized when compared to a display where all columns of 
pixels are driven during the same pass of a display refresh cycle. It is 
appreciated of course that there may be other combinations grouping 
pixels of a display for refresh in accordance with the teachings of the 
present invention. For instance, the pixels may be divided into odd/even 
columns of pixels, or the display may be divided into several regions, 
each of which may be refreshed individually in sequence, etc. 

Figure 7 is a schematic of yet another embodiment of integrated 
circuit 701 in accordance with the teachings of the present invention. As 
shown in Figure 7, transistors 713 and 715 are coupled in series 
between interface pads 730 and 733. Transistors 717 and 719 are 
coupled in series between interface pads 730 and 736. Transistors 721 
and 723 are coupled in series between interface pads 730 and 739. 
Transistors 725 and 727 are coupled in series between interface pads 
730 and 742. 

In one embodiment, integrated circuit 701 is used to drive the 
pixels of a display. Thus, in one embodiment, pixel 703 is coupled to 
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interface pad 733, pixel 705 is coupled to interface pad 736, pixel 707 is 
coupled to interface pad 739 and pixel 709 is coupled to interface pad 
742. 

In one embodiment, interface pad 733 is coupled to receive an 
analog input signal coupled to interface pad 730 through transistors 713 
and 715 in response to the first digital select signal coupled to be 
received at interface pad 731 and a second digital select signal coupled 
to be received at interface pad 732. Interface pad 736 is coupled to 
receive the analog input signal coupled to interface pad 730 through 
transistors 717 and 719 in response to a first digital select signal 
coupled to be received at interface pad 734 and a second digital select 
signal coupled to be received at interface pad 735. Interface pad 739 is 
coupled to receive the analog input signal coupled to interface pad 730 
through transistors 721 and 723 in response to a first digital select 
signal coupled to be received at interface pad 737 and a second digital 
select signal coupled to be received at interface pad 738. Interface pad 
742 is coupled to receive the analog input signal coupled to interface 
pad 730 through transistors 725 and 727 in response to a first digital 
select signal coupled to interface pad 740 and a second digital select 
signal coupled to interface pad 741 . 

It is noted that integrated circuit 701 is yet another integrated 
circuit that may be implemented into an integrated circuit die having 
functional symmetry over a plurality of rotational orientations in 
accordance with the teachings of the present invention. In the 
embodiment illustrated in Figure 7, integrated circuit 701 has four-fold 
symmetry and 13 separate interface pads 730-742. 

Figure 8 is a schematic of still another integrated circuit 801 in a 
substrate 849 providing two digital select signals for each pixel in 
accordance with the teachings of the present invention. It is appreciated 
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that integrated circuit 801 may be included in an element similar to 
element 209 of Figure 2 in accordance with the teachings of the present 
invention. In particular, interface pads 813, 817, 819, 821, 823, 825, 
827, 839 and 831 of Figure 8 correspond to interface pads 213, 217, 
219, 221, 223, 225, 227, 229 and 231 , respectively, of Figure 2. 

Integrated circuit 801 includes transistors 833 and 835 coupled in 
series between interface pads 823 and 813. Transistors 837 and 839 
are coupled in series between interface pads 823 and 819. Transistors 
841 and 843 are coupled in series between interface pads 823 and 831 . 
Transistors 845 and 847 are coupled in series between interface pads 
823 and 827. As shown in Figure 8, the gates of transistors 833 and 
839 are both coupled to interface pad 817. The gates of transistors 837 
and 843 are both coupled to interface pad 825. The gates of transistors 
841 and 847 are both coupled to interface pad 829. The gates of 
transistors 845 and 835 are both coupled to interface pad 821. 

Accordingly, transistors 833 and 839 are switched in response to 
a digital select signal received at interface pad 817. Transistors 837 
and 843 are switched in response to a digital select signal received at 
interface pad 825. Transistors 841 and 847 are switched in response to 
a digital select signal received at interface pad 829 transistors 835 and 
845 are switched in response to a digital select signal received at 
interface pad 821. 

Therefore, interface pad 813 is coupled to interface pad 823 in 
response to a logical high digital select signal received at interface pads 
817 and 821. Interface pad 819 is coupled to interface pad 823 in 
response to the logical high digital select signal received at interface 
pads 817 and 825. Interface pad 831 is coupled to interface pad 823 in 
response to a logical high digital select signal received at interface pads 
825 and 829. Interface pad 827 is coupled to interface pad 823 in 
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response to a logical high digital select signal received at interface pads 
821 and 829. 

Assuming that integrated circuit 801 is utilized in one 
embodiment to drive pixels of an active matrix display from an analog 
signal line coupled to interface pad 823, it is worthwhile to note that 
integrated circuit 801 provides the individual addressability of pixels 
coupled to interface pads 813, 819, 827 and 831 using nine interface 
pads 813, 817, 819, 821, 823, 825, 827, 829 and 831 instead of the 13 
interface pads 730-742 employed in Figure 7. 

Figure 9 is an illustration showing one embodiment of a layout of 
an integrated circuit die 901 in a substrate 947 in accordance with the 
teachings of the present invention. The layout of integrated circuit die 
901 corresponds to the schematic illustrated in Figure 8. In one 
embodiment, semiconductor substrate 947 includes silicon. In one 
embodiment, substrate 947 includes single crystal silicon. In one 
embodiment, vias 913, 917, 919, 921, 923, 925, 927, 929 and 931 are 
coupled to interface pads 813, 817, 819, 821, 823, 825, 827, 829 and 
831, respectively, of Figure 8. 

As shown in Figure 9, a channel 931 is disposed in substrate 947 
between vias 913 and 923. A channel 933 is disposed in substrate 947 
between vias 919 and 923. A channel 935 is disposed in substrate 947 
between vias 931 and 923. A channel 937 is disposed in substrate 947 
between vias 927 and 923. 

As also shown in Figure 9, gates 932 and 946 are disposed over 
channel 931 . Gates 932 and 946 are coupled to vias 917 and 921 , 
respectively. Gates 936 and 934 are disposed over channel 933. Gates 
936 and 934 are coupled to vias 925 and 917, respectively. Gates 940 
and 938 are disposed over channel 935. Gates 940 and 938 are 
coupled to vias 929 and 925, respectively. Gates 944 and 942 are 
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disposed over channel 937. Gates 944 and 942 are coupled to vias 921 
and 929, respectively. 

In one embodiment, channel 931 and gates 932 and 946 form 
transistors 838 and 835, respectively. Channel 933 and gates 934 and 

936 a form transistors 839 and 833, respectively. Channel 935 and 
gates 938 and 940 form transistors 843 and 841, respectively. Channel 

937 and gates 942 and 944 form transistors 847 and 845, respectively. 

As can be observed from the illustration of Figure 9, the layout of 
integrated circuit 901 has four degrees of symmetry, which happens to 
equal the number of degrees of symmetry of element 209 of Figure 2. 
As will be discussed in further detail below, other layouts having 
different degrees of symmetry than corresponding element may be 
utilized in other embodiments in accordance with the teachings of the 
present invention. 

Figure 10 is an illustration of another embodiment of a portion of 
a substrate 1001 of the electronic device. In the embodiment illustrated 
in Figure 10, the electronic device of substrate 1001 is an active matrix 
display. As shown in Figure 10, substrate 1001 includes pixels 1003, 
1005, 1007 and 1009 as well as receptor sites 1025, 1027, 1029 and 
1031. In the embodiment illustrated in Figure 10, receptor sites 1025, 
1027, 1029 and 1031 are compatible with the integrated circuit dice 
discussed above with respect to Figures 8 and 9. For example, 
integrated circuit die 801 may be mounted on to receptor site 1025 in 
any one of four orientations as discussed above because integrated 
circuit 801 has four-fold symmetry. 

In the embodiment illustrated, pixel 1003 is coupled to interface 
pad 1037 of receptor site 1025. Pixel 1005 is coupled to interface pad 
1053 of receptor site 1027 and interface pad 1033 of receptor site 1025. 
Pixel 1007 is coupled to interface pad 1071 of receptor site 1029. Pixel 
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1009 is coupled to interface pad 1089 of receptor site 1031 and 
interface pad 1067 of receptor site 1029. 

Assuming that integrated circuit dice such as for example those 
discussed above with respect to Figures 8 and 9 are mounted into 
receptor sites 1025, 1027, 1029 and 1031, operation of the active matrix 
display of substrate 1001 is as follows. In one embodiment, digital 
column select line 1011 is coupled to be received at interface pad 1041 
of receptor site 1025, interface pad 1055 of receptor site 1027, interface 
pad 1077 of receptor site 1029 and interface pad 1091 of receptor site 
1031. In the embodiment illustrated in Figure 10, digital column select 
line 1011 is used to select the column including pixels 1005 and 1009. 

The active matrix display of substrate 1001 also includes a digital 
row select lines 1015, 1017, 1021 and 1023. Digital row select line 
1015 is coupled to be received by interface pad 1035 of receptor site 
1025 and interface pad 1051 of receptor site 1027. Digital row select 
line 1017 is coupled to received by interface pad 1045 of receptor site 
1025 and interface pad 1063 of receptor site 1027. Digital row select 
line 1021 is coupled to be received by interface pad 1069 of receptor 
site 1029 and interface pad 1087 of receptor site 1031 . Digital row 
select line 1023 is coupled to be received by interface pad 1081 of 
receptor site 1029 and interface pad 1098 of receptor site 1031. In the 
embodiment illustrated, digital row select line 1015 is used to select the 
row of the display including pixels 1003 and 1005. Digital row select 
lines 1017 and 1021 are used to select the row of the display including 
pixels 1007 and 1009. 

In one embodiment, analog lines 1013 and 1019 carry analog 
pixel information for the pixels of the display. As shown in Figure 10, 
analog line 1013 is coupled to be received by interface pad 1040 of 
receptor site 1025 and interface pad 1057 of receptor site 1027. Analog 
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line 1019 is coupled to be received by interface pad 1075 of receptor 
site 1029 and interface pad 1093 of receptor site 1031. 

Assume during operation of the display of substrate 1001 that 
digital column select line 1011 is set to a logical high value and that 
another digital column select line that is coupled to be received by 
interface pad 1 039 of the receptor site 1 025 and interface pad 1 073 of 
receptor site 1029 is set to logical low value. Furthermore, assume that 
yet another digital column select line coupled to be received by interface 
pad 1059 of receptor site 1027 and interface pad 1095 of receptor site 
1031 is also set to logical low value. As a result, the column including 
pixels 1005 and 1009 is selected and other columns including the 
column including pixels 1003 and 1007 are deselected. In addition, 
assume that digital row select line 1015 is set to logical high value and 
that digital row select lines 1017, 1021 and 1023 are set to logical low 
values. Accordingly, pixel 1005 is selected and pixels 1003, 1007 and 
1009 are deselected. 

As a result, the analog information carried in analog line 1013 is 
coupled to be received by pixel 1005 and is not coupled to be received 
by pixel 1003. Furthermore, the analog information carried in analog 
line 1019 is not coupled to be received by pixels 1007 and 1009. The 
analog information carried in analog line 1013 is coupled to be received 
by pixel 1005 from interface pad 1057 through interface pad 1053. In 
addition, the analog information carried in analog line 1013 is also 
coupled to be received by pixel 1005 from interface pad 1040 through 
interface pad 1033. 

It is noted that each pixel in the display illustrated in Figure 10 is 
redundantly coupled to receive analog information from a plurality of 
receptor sites in accordance with the teachings of the present invention. 
It is appreciated that this redundancy provides additional reliability to the 
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display of substrate 1001 in the event that there is a failure in an 
integrated circuit device that is included in one of the elements mounted 
in receptor sites 1025, 1027, 1029 and 1031. 

In contrast with the display of substrate 501 , each pixel of the 
display of substrate 1001 may be individually addressed. Therefore, in 
one embodiment, less analog driver circuitry is required since an entire 
row or an entire column is not required to be driven simultaneously. For 
instance, in one embodiment, well known multiplexing techniques may 
be utilized to drive each pixel individually or a smaller subset of pixels of 
the display of substrate 1001. 

One characteristic of the display of substrate 1001 is that several 
layers of metalization are utilized to interconnect the elements of the 
display. Accordingly, a plurality of masking steps are required during 
fabrication of the display of the substrate 1001. As consequence, there 
are crossovers between overlapping interconnect lines in neighboring 
layers of metalization. For example, as shown in Figure 10 digital 
column select line 101 1 crosses over a plurality of other interconnect 
lines including analog line 1013, digital row select line 1015, etc.. As 
can be appreciated, the crossover of interconnect lines is a potential 
source for interlayer short circuit defects between interconnect lines. 

Figure 11 is an illustration of yet another embodiment of an 
element 1105 and a corresponding receptor site 1103 in a substrate 
1 101 in accordance with the teachings of the present invention. As 
shown in Figure 1 1 , the cross-section of element 1 105 in one 
embodiment is trapezoidal. The trapezoidal cross-section of the 
elements of one embodiment of the present invention help element 
1 105 to be mounted into receptor site 1 103 using fluidic self-assembly, 
vibrational tables, or the like. 

Similar to element 209 and receptor site 203 of Figure 2, element 
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1105 and receptor site 1103 are mutually symmetric such that element 
1 105 may be mounted into receptor site 1 103 in any one of a plurality of 
orientations relative to receptor site 1 103. In one embodiment, element 
1 105 is an integrated circuit die on a substrate. In one embodiment, the 
integrated circuitry of element 1 1 05 is coupled to a plurality of interface 
pads 1107, 1109, 1111, 1113, 1115, 1117, 1119, 1121, 1123, 1125, 
1 127, 1 129 and 1 131 , which are arranged on the substrate of element 
1 105. Similarly, there are a plurality of interface pads 1 133, 1 135, 1 137, 
1139, 1141, 1143, 1145, 1137, 1149, 1151, 1153, 1155 and 1157 
arranged in receptor site 1103. 

The above referenced interface pads are arranged in a pattern 
such that the interface pads of element 1 1 05 and the interface pads of 
receptor site 1 103 are coupled when element 1 105 is mounted in 
receptor site 1 103 in any one of a plurality of rotations. When mounted 
in any one of the plurality of orientations, the integrated circuit of 
element 1 1 05 will provide proper function for an electronic device of 
substrate 1 101 . For explanation purposes only, assume that the top of 
Figure 1 1 is "North" and that arrow 1 106 is fixed on element 1 105 as 
shown in Figure 11. fn the embodiment illustrated in Figure 11, element 
1 105 and receptor site 1 103 each have four-fold or four degrees 
symmetry. In the embodiment illustrated in Figure 1 1 , element 1 105 
may be mounted into receptor site 1 103 with arrow 1 106 pointing either 
"North," "East," "South" or "West." 

Figure 12 is a schematic of one embodiment integrated circuit 
1201 that may be included in element 1 105 in accordance with the 
teachings of the present invention. As shown in Figure 12, integrated 
circuit 1201 includes transistors 1235 and 1233 coupled between 
interface pads 1219 and 1207. Transistors 1239 and 1237 are coupled 
between interface pads 1213 and 1219. Transistors 1243 and 1241 are 
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coupled between interface pads 1231 and 1219. Transistors 1245 and 
1237 are coupled between interface pads 1219 and 1225. 

As shown in Figure 12, the gates of transistors 1233 and 1245 
are coupled to interface pads 1209 and 1227. The gates of transistors 
1237 and 1241 are coupled to interface pads 1211 and 1229. The 
gates of transistors 1239 and 1235 are coupled to interface pads 1217 
and 1215. The gates of transistors 1243 and 1237 are coupled to 
interface pads 1223 and 1221. 

It is worthwhile to note that integrated circuit 1201 provides direct 
crossover paths between several pairs of the interface pads. These 
crossover paths act as pass-through conduits. In particular, in the 
embodiment illustrated in Figure 12, interface pad 1217 is directly 
coupled to interface pad 1215, interface pad 1223 is directly coupled to 
interface pad 1221, interface pad 1211 is directly coupled to interface 
pad 1229 and interface pad 1209 is directly coupled to interface pad 
1227. As will be discussed, this direct coupling of pairs of interface pads 
provides crossover paths within integrated circuit 1201, which in one 
embodiment eliminates the need for multiple metalization layers of a 
completed electronic device utilizing integrated circuit 1201. 

During operation, interface pad 1219 is coupled to interface pad 
1207 when a logical high signal is received at interface pads 1209/1227 
and interface pads 1215/1217. Interface pad 1213 is coupled to 
interface pad 1219 when a logical high signal is received at interface 
pads 1211/1229 and 1215/1217. Interface pad 1231 is coupled to 
interface pad 1219 when the logical high signal is received at interface 
pads 1211/1229 and interface pads 1221/1223. Interface pad 1225 is 
coupled to interface pad 1219 when a logical high signal is received at 
interface pads 1209/1227 and interface pads 1221/1223. 

In one embodiment, integrated circuit 1201 includes sample and 
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hold circuitry coupled to interface pads 1207, 1213, 1225 and 1231. In 
the embodiment illustrated in Figure 12, the sample and hold circuitry 
includes a capacitor 1257 grounding interface pad 1207 to the substrate 
1265 integrated circuit 1201. A capacitor 1259 grounds interface pad 
1213 to substrate 1265, a capacitor 1263 grounds interface pad 1225 to 
substrate 1265 and a capacitor 1261 grounds interface pad 1231 to 
substrate 1265. In the embodiment illustrated in Figure 12, is noted 
connections to ground may also be considered as connections to 
substrate 1265 of integrated circuit die 1201. 

In one embodiment, depending on which one of a plurality of 
orientations in which integrated circuit die 1201 is mounted into a 
corresponding receptor site, interface pads 1211/1229 and 1209/1227 
are coupled to receive either digital row select or digital column select 
signals of an active matrix display. In that embodiment, interface pads 
1215/1217 and interface pads 1221/1253 are coupled to receive either 
digital column select or digital row select signals of the active matrix 
display. 

In one embodiment, if interface pads 1211/1229 receive a logical 
high signal, it is assumed that interface pads 1209/1227 receive a 
logical low signal. Conversely, if interface pads 1209/1227 receive a 
logical high signal, it is assumed that interface pads 1211/1229 receive 
a logical low signal. Similarly, if interface pads 1215/1217 receive a 
logical high signal, it is assumed that interface pads 1221/1223 receive 
a logical low signal. Conversely, if interface pads 1221/1223 receive a 
logical high signal, it is assumed that interface pads 1215/1217 receive 

a logical low signal. 

As discussed above with respect to Figure 1 1 , integrated circuit 
die 1201 in one embodiment is included in element 1105, which is 
mounted in receptor site 1 13 of substrate 1 101 . In order to reduce the 
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amount that substrate 1265 of integrated circuit die 1201 "floats" above 
zero volts, a transistor 1249 is coupled between interface pads 
1209/1227 and the substrate 1265, which is illustrated as ground in 
Figure 12. Similarly, transistor 1251 is coupled between interface pads 
1215/1217 and substrate 1265, transistor 1253 is coupled between 
interface pads 1211/1229 and substrate 1265 and transistor 1255 is 
coupled between interface pads 1221/1223 and substrate 1265. 

During operation, transistor 1249 couples substrate 1265 to 
interface pads 1209/1227 in response to the logical high value received 
at interface pads 121 1/1229. As discussed above, when interface pads 
1211/1229 are at the logical high value, it is assumed that interface 
pads 1209/1227 are at the logical low value, or zero volts. As result, 
substrate 1265 will be maintained at ground or the logical low value 
during this time. Conversely, transistor 1253 couples substrate 1265 to 
interface pads 1211/1229 in response to a logical high signal received 
at interface pads 1209/1227. When interface pads 1209/1227 are at the 
logical high value, it is assumed that interface pads 1211/1229 are at 
the logical low value. Thus, substrate 1265 will be maintained at the 
ground or the logical low value during this time. 

Similarly, transistor 1251 couples substrate 1265 to interface 
pads 1215/1217 in response to a logical high value received at interface 
pads 1221/1223. As discussed above, when interface pads 1221/1223 
are at the logical high value, it is assumed that interface pads 
1215/1217 are at the logical low value, thereby maintaining substrate 
1265 at ground or the logical low value during this time. Conversely, 
transistor 1255 couples substrate 1265 to interface pads 1221/1223 in 
response to a logical high signal received at interface pads 1215/1217. 
When interface pads 1215/1217 are at the logical high value, it is 
assumed that interface pads 1221/1223 are at the logical low value. 
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Thus, substrate 1265 will be maintained at the ground or the logical low 
value during this time. As can be appreciated, by maintaining substrate 
1265 at ground, the risks of latch up or other undesirable consequences 
are reduced. 

Figure 13 is a schematic of another embodiment of an integrated 
circuit die 1301 in accordance with the teachings of the present 
invention. Integrated circuit die 1301 is similar to integrated circuit die 
1201 and interface pads 1307, 1309, 1311, 1313, 1315, 1317, 1319, 
1321, 1323, 1325, 1327, 1329 and 1331 correspond to interface pads 
1207, 1209, 1211, 1213, 1215, 1217, 1219, 1221, 1223, 1225, 1257, 
1229 and 1231, respectively. Transistors 1333, 1335, 1337, 1339, 
1341, 1343, 1345 and 1347 correspond to transistors 1233, 1235, 1237, 
1239, 1241, 1243, 1245 and 1237, respectively. Sample and hold 
circuitry capacitors 1357, 1359, 1361 and 1363 correspond to 
capacitors 1257, 1259, 1261 and 1263, respectively. 

In order to maintain the substrate 1365 of integrated circuit die 
1301 at ground, integrated circuit die 1301 includes a diode 1349 
coupled between interface pads 1315/1317 and substrate 1365, a diode 
1351 coupled between interface pads 1311/1329 and substrate 1365, a 
diode 1353 coupled between interface pads 1321/1323 and substrate 
1365 and a diode 1355 coupled between interface pads 1309/1327 and 
substrate 1365. It is noted that substrate 1365 is also represented as 
ground in the schematic of integrated circuit die 1301. 

Similar to the operation of integrated circuit die1201, it is 
assumed that when interface pads 1311/1329 are at a high logical 
value, interface pads 1309/1327 are at a low logical value and vice 
versa. Similarly, it is assumed that when interface pads 1315/1317 are 
at a high logical value, interface pads 1321 and 1323 are at the low 
logical value or vice versa. 
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ln order to reduce the amount that the substrate 1365 of 
integrated circuit die 1301 "floats" above zero volts, at least one of the 
diodes 1349, 1351, 1353 or 1355 will pull substrate 1365 down to zero 
volts. For example, assume that substrate 1365 rises to a voltage 
greater than zero volts and that interface pads 1317/1315 are at zero 
volts. In this situation, diode 1349 will "turn on" to maintain substrate 
1365 at ground. Operation of diodes 1351, 1353 and 1355 is similar. 
By maintaining substrate 1365 at zero volts, it is appreciated that the 
risks of latch up other undesirable consequences are reduced. 

Figure 14 is an illustration showing one embodiment of a layout 
of an integrated circuit die 1401 in a substrate 1445 in accordance with 
the teachings of the present invention. The layout of integrated circuit 
die 1401 of Figure 14 corresponds to either one of the embodiments 
illustrated in Figures 12 or 13. In one embodiment, substrate 1445 is a 
semiconductor substrate including silicon. In one embodiment, 
substrate 1445 is a semiconductor substrate including single crystal 
silicon. 

In one embodiment, integrated circuit die includes vias 1407, 
1409, 1411, 1413, 1415, 1417, 1419, 1421, 1423, 1425, 1427, 1459 
and 1431. The vias of the integrated circuit die 1401 are coupled to 
interface pads 1207, 1209, 1211, 1213, 1215, 1217, 1219, 1221, 1223, 
1225, 1227, 1229 or 1231, respectively. The vias of integrated circuit 
die 1401 may also be coupled to interface pads 1307, 1309, 1311, 
1313, 1315, 1317, 1319, 1321.1323, 1325, 1327, 1329 or 1331, 
respectively. 

As shown in Figure 14, a channel 1433 is disposed in substrate 
1445 and is coupled between interface pads 1419 and 1407. Channel 
1433 is also coupled between interface pads 1419 and 1425. A 
channel 1435 is disposed and substrate 1445 and is coupled between 
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interface pads 1413 and 1419. Channel 1435 is also coupled between 
interface pad 1431 and 1419. 

As also shown in Figure 14, a gate 1441 is coupled between 
interface pads 1415 and 1417 and is disposed over a portion of channel 
1435 between interface pads 1413 and 1419. Gate 1441 is also 
disposed over a portion of channel 1433 disposed between interface 
pads 1407 and 1419. A gate 1443 is coupled between interface pads 
1421 and 1423. Gate 1443 is disposed over a portion of channel 1435 
between interface pads 1419 and 1431. Gate 1443 is also disposed 
over a portion of channel 1433 between interface pads 1419 and 1425. 
A gate 1437 is coupled between interface pads 1411 and 1429 and is 

i 

disposed over a portion of channel 1435 between interface pads 1413 
and 1419. Gate 1437 is also disposed over a portion of channel 1435 
between interface pads 1419 and 1431. A gate 1439 is disposed 
between interface pads 1409 and 1427 and is disposed over a portion 
of channel 1433 between interface pads 1419 and 1407. Gate 1439 is 
also disposed over a portion of channel 1433 between interface pads 

1419 and 1425. 

It is noted that gate 1437 provides a direct crossover path or 
pass-through conduit between interface pads 1411 and 1429. Gate 
1439 provides a direct crossover path between interface pads 1409 and 
1427. Gate 1441 provides a direct crossover path between interface 
pads 1415 and 1417. Gate 1443 provides a direct crossover path 
between interface pads 1421 and 1423. 

As can be observed from the illustration in Figure 14, the layout of 
integrated circuit die 1401 has two degrees of symmetry, even though 
element 1 105 has four degrees of symmetry. Therefore, it is 
appreciated that the layout of an integrated circuit die in accordance 
with teachings of the present invention may have a different number of 
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degrees of symmetry than the corresponding element. 

Figure 15 is an illustration of one embodiment of a substrate 1501 
of the electronic device. In the embodiment illustrated Figure 15, the 
electronic device of substrate 1501 is an active matrix display. As 
shown in Figure 15, substrate 1501 includes pixels 1505, 1507, 1509, 
1511, 1513, 1515, 1517, 1519, 1521, 1523, 1525 and 1527. Substrate 
1501 also includes receptor sites 1529, 1531, 1533 and 1535. In the 
embodiment illustrated in Figure 15, receptor sites 1529, 1531, 1533 
and 1535 are compatible with the integrated circuit dice discussed 
above with respect to Figures 11-14. For example, a plurality of 
integrated circuit dice having the schematics of integrated circuit die 
1201 may be mounted into receptor sites 1529, 1531, 1533 and 1535 in 
any one of the above discussed plurality of orientations to enable the 
active matrix display of substrate 1501 to function properly. 

As shown in Figure 15, pixels 1505 and 1507 are coupled to 
interface pads 1543 and 1537, respectively, of receptor site 1529. 
Pixels 1509 and 151 1 are coupled to interface pads 1559 and 1563, 
respectively, of receptor site 1531. Pixel 1513 is coupled to interface 
pad 1561 of receptor site 1529 and interface pad 1595 of receptor site 
1533. Pixel 1515 is coupled to interface pad 1555 of receptor site 1529 
and interface pad 1589 of receptor site 1533. Pixel 1517 is coupled to 
interface pad 1587 of receptor site 1531 and interface pad 1522 of 
receptor site 1535. Pixel 1519 is coupled to interface pad 1581 of 
receptor site 1531 and interface pad 1516 of receptor site 1535. 
Interface pads 1521 and 1523 are coupled to interface pads 1514 and 
1508, respectively, of receptor site 1533. Pixels 1525 and 1527 are 
coupled to interface pads 1542 and 1536, respectively of receptor site 
1535. 

Assuming that integrated circuit dice such as for example those 
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discussed above with respect to Figures 11-14 are mounted into 
receptor sites 1529, 1531, 1533 and 1535, operation of the active matrix 
display of the substrate 1501 is as follows. In one embodiment, a digital 
column select line 1554 is coupled to be received by interface pads 
1541 and 1559 of receptor site 1529 and interface pads 1593 and 1512 
of receptor site 1533. Digital column select line 1556 is coupled to be 
received by interface pads 1539 and 1557 of receptor site 1529 and 
interface pads 1591 and 1510 of receptor site 1533. Digital column 
select line 1558 is coupled to be received by interface pads 1557 and 
1585 of receptor site 1531 and interface pads 1520 and 1540 of 
receptor site 1535. Digital column select line 1560 is coupled to be 
received by interface pads 1565 and 1583 of receptor site 1531 and 
interface pads 1518 and 1538 of receptor site 1535. 

In the embodiment illustrated in Figure 15, digital row select line 
1554 couples together interface pad 1545 of receptor site 1529 and 
interface pad 1573 of receptor site 1531. Digital row select line 1546 
couples together interface pad 1551 of receptor site 1529, interface pad 
1579 of receptor site 1531 , interface pad 1597 of receptor site 1533 and 
interface pad 1528 of receptor site 1513. Digital row select line 1548 
couples together interface pad 1504 of receptor site 1533 and interface 
pad 1534 of receptor site 1535. 

As discussed above with respect to the integrated circuit dice of 
Figures 12-14, the integrated circuit dice that are mounted into receptor 
sites 1529, 1531, 1533 and 1535 include direct crossover connections 
or pass-through conduits between certain pairs of interface pads. For 
instance, interface pad 1547 and 1545 will be directly coupled after an 
integrated circuit die is mounted into receptor site 1529, thereby 
illuminating the need for a corresponding crossover in the metalization 
layers of the active matrix display of substrate 1501 . Similarly, interface 
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pad 1551 will be directly coupled to interface pad 1553. Interface pad 
1597 will be directly coupled to interface pad 1599 and interface pad 
1504 will be directly coupled to interface pad 1506. Interface pad 1571 
will be directly coupled to interface pad 1573 and interface pad 1577 
will be directly coupled to interface pad 1579. Interface pad 1524 will be 
directly coupled to interface pad 1528 and interface pad 1532 will be 
directly coupled to interface pad 1534. 

Thus, in the embodiment illustrated in Figure 15, only one layer of 
metalization, and therefore only one masking step, is needed after the 
integrated circuit dice are mounted into receptor sites 1529, 1531, 1533 
and 1535. As can be appreciated to those skilled in the art, since only 
one layer of metalization is needed, only one masking step is needed in 
one embodiment of the present invention. 

With the above discussed crossover connections, interface pads 
1547, 1545, 1573 and 1571 are coupled to receive one digital row 
select signal. Interface pads 1553, 1551, 1579, 1577, 1599, 1597, 1528 
and 1524 are coupled to receive another digital row select signal. 
Interface pads 1506, 1504, 1534 and 1532 are coupled to receive yet 
another digital row select signal. 

In one embodiment, digital column select line 1554 is used to 
select the column of the active matrix display of substrate 1501 including 
pixels 1505, 1513 and 1521. Digital column select line 1556 is used to 
select the column including pixels 1507, 1515 and 1523. Digital column 
select line 1558 is used to select the column including pixels 1509, 
1517 and 1525. Digital column select line 1560 is used to select the 
column including pixels 1511, 1519 and 1527. In one embodiment, the 
digital row select line coupled to be received by interface pads 1547, 
1545, 1573 and 1571 is used to select the row of pixels including pixels 
1505, 1507, 1509 and 151 1 . The digital row select line coupled to be 
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received by interface pads 1553, 1551, 1579, 1577, 1599, 1597, 1528 
and 1524 is used to select the row of pixels including pixels 1513, 1515, 
1517 and 1519. The digital row select line coupled to be received by 
interface pads 1506, 1504, 1534 and 1532 is used to select the row of 
pixels including pixels 1521, 1523, 1525 and 1527. By using the above 
discussed digital row select lines and digital column select lines, it is 
appreciated that each pixel of the active matrix display of substrate 1501 
can be individually addressed in accordance with the teachings of the 
present invention. 

In the embodiment illustrated in Figure 15, analog line 1550 
carries analog pixel information and is coupled to be received by 
interface pad 1549 of receptor site 1529 and interface pad 1502 of 
receptor site 1533. Analog line 1552 also carries pixel information and 
is coupled to be received by interface pad 1575 of receptor site 1531 
and interface pad 1513 of receptor site 1535. 

Assume during operation of the active matrix display of substrate 
1501 that digital column select lines 1556 and 1560 are set to a logical 
high value and that digital column select lines 1554 and 1558 are set to 
a logical low value. In this instance, the columns of pixels including 
pixels 1507, 1515 and 1553 as well as pixels 1511, 1519 and 1527 are 
selected. The columns including pixels 1505, 1513 and 1521 as well as 
pixels 1509, 1517 and 1525 are deselected. 

Assume further that the digital row select signal coupled to be 
received by interface pads 1553, 1551, 1579, 1577, 1599, 1597, 1528 
and 1524 is set to a logical high value. Assume also that the digital row 
select signals coupled to be received by interface pads 1547, 1545, 
1573, 1571, 1506, 1504, 1534 and 1532 are set to a logical low value. 
Thus, the row of pixels in the active matrix display of substrate 1501 
including pixels 1513, 1515, 1517 and 1519 is selected. The rows of 
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pixels including pixels 1505, 1507, 1509, 151 1, 1521, 1523, 1525 and 
1527 are deselected. 

With the digital row and column select lines set as described 
above, it is appreciated that pixels 1515 and 1519 are individually 
selected while the remaining pixels are deselected. With pixel 1515 
selected, the analog information carried in analog line 1515 is coupled 
to be received by pixel 1515 from interface pad 1549 through interface 
pad 1555. In addition, the analog information carried in analog line 
1515 is also coupled to be received by pixel 1515 from interface pad 
1502 through interface pad 1589. Similarly, the analog information 
carried in analog line 1552 is coupled to be received by pixel 1519 from 
interface pad 1575 through interface pads 1581. Furthermore, the 
analog information carried in analog line 1552 is also coupled to be 
received by pixel 1519 from interface pad 1530 through interface pad 

1516. It is appreciated that the remaining pixels shown in Figure 15, 
with the digital row and column select lines set as described above, are 
deselected and are therefore not coupled to receive analog information 
from analog lines 1550 and 1552. 

It is rioted that each pixel 1505, 1507, 1509, 1511, 1513, 1515, 

1517, 1519, 1521 , 1523, 1525 and 1527 of the active matrix display 
illustrated in Figure 15 is redundantly coupled to receive analog pixel 
information through a plurality of receptor sites in accordance with the 
teachings of the present invention. Is appreciated that this redundancy 
provides additional reliability to the active matrix display of Figure 15 in 
the event that there is a failure in an integrated circuit device that is 
mounted in receptor sites 1529, 1531, 1533 or 1535. 

Figure 16 is an illustration of a wafer 1601 in accordance with the 
teachings of the present invention. In one embodiment, a plurality of 
integrated circuit dice 1603, 1605, 1607 and 1609 are fabricated 
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arranged on an individual wafer 1601. After wafer 1601 is fabricated 
and tested, a boundary area 161 1 of wafer 1601 is removed to separate 
integrated circuit dice 1603, 1605, 1607 and 1609 from each other. As 
will be discussed in greater detail below, wafer 1601 includes testing 
interconnects coupled between some of the interface pads of the 
integrated circuit dice of wafer 1601 . These testing interconnects 
enable testing of each of the integrated circuit dice included in wafer 
1601. Defective integrated circuit dice that are identified may be marked 
and discarded while the remaining non-defective integrated circuit dice 
of wafer 1601 may be utilized. The testing interconnects that are 
disposed across boundary area 1611 are severed when the integrated 
circuit dice 1603, 1605, 1607 and 1609 are separated. 

In the embodiment illustrated in Figure 16, integrated circuit dice 
1603, 1605, 1607 and 1609 correspond to the integrated circuit dice 
discussed above with respect to Figures 11-14, and may be utilized in 
the receptor sites of Figure 15. Thus, in one embodiment, the function of 
interface pads 1637, 1639, 1641, 1643, 1653, 1655, 1661, 1665, 1667, 
1673, 1675, 1677 and 1679 correspond to the function of interface pads 
1413, 1411, 1409,1407,1417, 1415,1419, 1423,1421,1431, 1429,1427 
and 1425, respectively. The function of interface pads 1645, 1647, 
1649, 1651, 1657, 1659, 1663, 1669, 1671, 1681, 1683, 1685 and 1687 
correspond to the function of interface pads 1413, 1411, 
1409,1407,1417, 1415,1419, 1423,1421,1431, 1429,1427 and 1425, 
respectively. The function of interface pads 1689, 1691, 1693, 1695, 
1606, 1608, 1614, 1618, 1620, 1626, 1628, 1630 and 1632 correspond 
to function of interface pads 1413, 1411, 1409,1407,1417, 1415,1419, 
1423,1421,1431, 1429,1427 and 1425, respectively. Finally, the 
function of interface pads 1697, 1699, 1602, 1604, 1610, 1612, 1616, 
1622, 1624, 1634, 1636, 1638 and 1640 correspond to the function of 
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interface pads 1413, 1411, 1409,1407,1417, 1415,1419, 
1423,1421,1431, 1429,1427 and 1425, respectively. 

In one embodiment, wafer 1601 also includes additional circuitry 
used for testing the integrated circuit dice 1603, 1605, 1607 and 1609. 
In the embodiment illustrated, the additional circuitry performs similar 
function as the corresponding interface pads of integrated circuit dice 
1603, 1605, 1607 and 1609. In particular, the function of interface pads 
1642, 1644, 1646, 1648, 1650, 1652 and 1654 correspond to the 
function of interface pads 1409, 1407,1445, 1419, 1421, 1427 and 
1425. The function of interface pads 1656, 1658, 1660, 1662, 1664, 
1666 and 1668 also correspond to the function of interface pads 1409, 
1407,1445, 1419, 1421, 1427 and 1425. The function of interface pads 
1670, 1672, 1674, 1676, 1678, 1680 and 1682 correspond to the 
function of interface pads 1413, 1411, 1417, 1419, 1423, 1431 and 
1429, Finally the function of interface pads 1684, 1686, 1688, 1690, 
1692, 1694 and 1696 also correspond to the function of interface pads 
1413, 1411, 14 1 7, 1419, 1423, 1431 and 1429. 

As shown in Figure 16, wafer 1601 includes testing interconnects 
coupling across boundary area 1611 interface pads 1644 and 1637, 
1646 and 1653, 1650 and 1665, 1654 and 1673, 1658 and 1689, 1660 
and 1606, 1664 and 1618, 1668 and 1626, 1643 and 1645, 1655 and 
1657, 1667 and 1669, 1679 and 1681, 1695 and 1697, 1608 and 1610, 
1620 and 1622, 1632 and 1634, 1651 and 1670, 1659 and 1674, 1671 
and 1678, 1687 and 1680, 1604 and 1684, 1612 and 1688, 1624 and 
1692 and 1640 and 1694. Wafer 1601 also includes testing 
interconnects coupled between interface pads 1648 and 1662, 1652 
and 1656, 1682 and 1686 and 1676 and 1690. Furthermore, wafer 
1601 includes interconnects 1613, 1615, 1617 and 1619 to access 
interface pads 1648, 1 651, 1663 and 1676, respectively. 
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As shown in Figure 16, one embodiment of wafer 1601 also 
includes digital row select line 1621 coupled to be received by interface 
pad 1646. Digital row select line 1623 is coupled to be received by 
interface pad 1678. Digital row select line 1625 is coupled to be 
received by interface pads 1660. Digital row select line 1627 is coupled 
to be received by interface pad 1692. In one embodiment, wafer 1601 
also includes digital column select line 1629 coupled to interface pads 
1628 and 1696. Digital column select line 1631 is coupled to interface 
pad 1630. Digital column select line 1633 coupled to interface pads 
1666 and 1636. Digital column select line 1635 coupled to interface 
pad 1638. 

Testing of the integrated circuit dice 1603, 1605, 1607 and 1609 
of wafer 1601 may be conducted as follows. To test the integrated 
circuit devices in connection with the switchable coupling between 
interface pads 1661 and 1637, digital row select line 1621 and digital 
column select lines 1629 and 1633 are set to logical high value while 
digital row select lines 1623, 1625 and 1627 and digital column select 
line 1631 are set to a logical low value. It is appreciated that by setting 
the digital column in row select lines as described above, the switchable 
coupling between interface pads 1648 and 1661 is also switched on. 
By setting the digital column and row select lines to settings other than 
those described above, the switchable couplings between interface 
pads 1648 and 1661 and interface pads 1661 and 1637 is switched off. 

With the digital column and row select lines settings described 
above, the switchable couplings may be tested through testing 
interconnects 1613 and 1615. In particular, with digital row select line 
1621 at a logical high value, interface pads 1646 and 1653 receive a 
logical high value. Similarly, with digital column select lines 1629 and 
1633 and logical high values, interface pads 1642 and 1639 receive 
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logical high values. It is reminded that interface pad 1642 receives the 
logical high value from digital column select line 1633 through the direct 
crossover connection between interface pads 1642 and 1652, the 
testing interconnect between interface pads 1652 and 1656 and the 
direct crossover connection between interface pads 1656 and 1666. 
Similarly, it is appreciated that interface pad 1639 receives the logical 
high value from digital column select line 1629 through the direct 
crossover connection between interface pads 1639 and 1675, the 
testing interconnect between interface pads 1675 and 1691 and the 
direct crossover connection between interface pads 1691 and 1628. 
Therefore, the coupling between testing interconnects 1613 and 1615 is 
through interface pad 1648 from interface pad 1644, through the testing 
interconnect between interface pads 1644 and 1637 and from interface 
pad 1637 through interface pad 1661. 

In one embodiment, it is appreciated that the integrated circuit 
devices in connection with the switchable coupling between interface 
pads 1663 and 1651 may be tested concurrently with the testing of the 
integrated circuit devices in connection with the switchable coupling 
between interface pads 1661 and 1637. In particular, with digital row 
select line 1621 set to logical high value, digital row select lines 1623, 
1625 and 1627 set to logical low value, digital column select lines 1629 
and 1635 set to logical high value and digital column select lines 1631 
and 1633 set to logical low value, a switchable coupling can be verified 
between interface pads 1648 and 1661 and 1663 and 1676 
concurrently in accordance with the teachings of the present invention. 
In particular, with digital row select line 1621 at a logical high value, 
interface pads 1 659 and 1 674 as well as interface pads 1 646 and 1 653 
receive the logical high value. With digital column select lines 1629 and 
1635 set to logical high value, interface pads 1639 and 1675, 1672 and 
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1682 as well as 1649 and 1685 receive logical high values. The 
switchable coupling that can be verified between testing interconnects 
1617 and 1619 is a from interface pad 1663 through interface pad 1651, 
through the testing interconnect between interface pads 1651 and 1670, 
and from interface pads 1670 through interface pad 1676. 

In one embodiment, after the above described switchable 
couplings have been verified, testing may continue to the next 
switchable couplings in the integrated circuit dice of wafer 1601 by 
setting the digital column and row select lines of wafer 1601 
accordingly. For example, after the switchable coupling between 
interface pads 1637 and 1661 has been tested, the switchable coupling 
between interface pads 1661 and 1673 may be tested by setting digital 
row select line 1621 to logical low value and setting digital row select 
line 1623 to a high logical value. The digital column select lines settings 
remain unchanged. Next, the switchable coupling between interface 
pads 1689 and 1614 may be tested by setting digital row select line to a 
logical low value and setting digital row select line 1625 to logical high 
value. The digital column select line values remain unchanged. To test 
the switchable coupling between interface pads 1614 and 1626, digital 
row select line 1625 is set to the logical low value and digital row select 
line 1627 is set to high logical value. Once again, the digital column 
select line values remain in change. Next, testing can proceed to the 
another column in accordance with the teachings of the present 
invention. 

After all the switchable couplings of the integrated circuit dice of 
wafer 1601 have been successfully verified, the integrated circuit dice 
may be separated and utilized in accordance with the teachings of the 
present invention. In the event that a defect is identified using the above 
described testing procedure, the defective integrated circuit die may be 
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marked and set aside while the remaining properly functioning 
integrated circuit dice may be utilized. 

In the environment illustrated in Figure 16, integrated circuit dice 
1603, 1605, 1607 and 1609 are separated by removing the boundary 
area 161 1 of wafer 1601 . By removing boundary area 161 1 , is noted 
that the testing interconnects crossing boundary area 1611 are severed. 
In one embodiment, it is noted that the severing of these testing 
interconnects between the interface pads of neighboring integrated 
circuit dice is acceptable after testing of the corresponding wafer has 
been completed as the testing interconnects are no longer are utilized. 

It is appreciated that the embodiment illustrate in Figure 16 is 
merely in one embodiment of a wafer including a plurality of integrated 
circuit dice arranged therein. It is appreciated that other embodiments of 
wafer is, such as for example a wafer including a larger or smaller 
number of integrated circuit dice arranged thereon, may also be tested 
in accordance with teachings of the present invention. 

Figure 17 is an illustration of yet another embodiment of an 
element 1705 and a corresponding receptor site 1703 in a substrate 
1701 in accordance with the teachings of the present invention. As 
shown in Figure 17, the cross-section of element 1705 in one 
embodiment is trapezoidal. The trapezoidal cross-section of the 
elements of one embodiment of the present invention help element 
1705 to be mounted into receptor site 1703 using fluidic self-assembly, 
vibrational tables, or the like. 

Similar to element 209 and receptor site 203 of Figure 2, element 
1705 and receptor site 1703 are mutually symmetric such that element 
1705 may be mounted into receptor site 1703 in any one of a plurality of 
orientations relative to receptor site 1703. In one embodiment, element 
1705 is an integrated circuit die on a substrate. In one embodiment, the 
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integrated circuitry of element 1705 is coupled to a plurality of interface 
pads 1707, 1709, 1717, 1713, 1715, 1717, 1719, 1721, 1723, 1725, 
1727, 1729, 1731, 1733, 1735 and 1737 which are arranged on the 
substrate of element 1705. Similarly, there are a plurality of interface 
pads 1739, 1741, 1743, 1745, 1747, 1749, 1751, 1753, 1755, 1757, 
1759, 1761, 1763, 1765, 1767 and 1769 arranged in receptor site 1703. 

The above referenced interface pads are arranged in a pattern 
such that the interface pads of element 1705 and the interface pads of 
receptor site 1703 are coupled when element 1705 is mounted in 
receptor site 1703 in any one of a plurality of rotations. When mounted 
in any one of the plurality of orientations, the integrated circuit of 
element 1705 will provide proper function for an electronic device of 
substrate 1701 . For explanation purposes only, assume that the top of 
Figure 1 7 is "North" and that arrow 1 706 is fixed on element 1 705 as 
shown in Figure 17. In the embodiment illustrated in Figure 17, element 
1705 and receptor site 1703 each have four-fold or four degrees 
symmetry. In the embodiment illustrated in Figure 17, element 1705 
may be mounted into receptor site 1703 with arrow 1706 pointing either 
"North," "East," "South" or "West." 

Figure 1 8 is a schematic of one embodiment integrated circuit 
1801 that may be included in eiement 1705 in accordance with the 
teachings of the present invention. As shown in Figure 18, integrated 
circuit 1801 includes transistors 1839 and 1841 coupled between 
interface pads 1807 and 1817. Transistors 1843 and 1845 are coupled 
between interface pads 1813 and 1819. Transistors 1847 and 1849 are 
coupled between interface pads 1825 and 1831. Transistors 1851 and 
1853 are coupled between interface pads 1827 and 1837. 

As shown in Figure 18, the gate of transistor 1839 is coupled to 
interface pad 1809 and the gate of transistor 1841 is coupled to 
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interface pad 1815. The gate of transistor 1843 is coupled to interface 
pad 181 1 and the gate of transistor 1845 is coupled to interface pad 
1821 . The gate of transistor 1847 is coupled to interface pad 1823 and 
the gate of transistor 1849 is coupled to interface pad 1853. The gate of 
transistor 1851 is coupled to interface pad 1829 and the gate of 
transistor 1853 is coupled to interface pad 1835. 

It is worthwhile to note that integrated circuit 1801 provides direct 
crossover paths or pass-through conduits between several pairs of the 
interface pads. In particular, in the embodiment illustrated in Figure 18, 
interface pad 1809 is directly coupled to interface pad 1833 through 
crossover path 1861 . Interface pad 181 1 is directly coupled to interface 
pad 1835 through crossover path 1859. Interface pad 1821 is directly 
coupled to interface pad 1815 through crossover path 1855. Interface 
pad 1829 is directly coupled to interface pad 1823 through crossover 
path 1857. In one embodiment, crossover paths 1855,1857,1859 and 
1861 eliminate the need for multiple metalization layers of a completed 
electronic device utilizing integrated circuit 1801. 

During operation, interface pad 1817 is coupled to interface pad 
1807 when a logical high signal is received on interface pads 
1 809/1 833 or 1 8 1 5/1 82 1 . Interface pad 1 81 9 is coupled to interface 
pad 1813 when a logical high signal is received on interface pads 
1811/1835 or 1821/1815. Interface pad 1827 is coupled to interface 
pad 1837 when a logical high signal is received on interface pads 
1829/1823 or 1835/1 81 1 . Interface pad 1825 is coupled to interface 
pad 1831 when a logical high signal is received on interface pads 
1823/1829 or 1833/1809. 

Figure 19 is an illustration of one embodiment of a receptor site 
1901 of the substrate of an electronic device. In the embodiment 
illustrated Figure 19, the electronic device is an active matrix display. As 
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shown in Figure 19, receptor site 1501 includes interface pads 1907, 
1913, 1915, 1917, 1919, 1921, 1923, 1925, 1927, 1929, 1931 and 
1937. In one embodiment, a pixel is coupled to interface pad 1907 
through connection 1953 and to interface pad 1931 through connection 
1957. Another pixel is coupled to interface pad 1913 through 
connection 1951 and to interface pad 1937 through connection 1955. 

In the embodiment illustrated in Figure 19, receptor sites 1901 is 
compatible with the integrated circuit die discussed above with respect 
to Figures 17 and 18. For example, a plurality of integrated circuit dice 
having the schematics of integrated circuit die 1801 may be mounted 
into receptor site 1901 in any one of the above discussed plurality of 
orientations to enable the active matrix display of receptor site 1501 to 
function properly. 

As shown in Figure 19, a digital row select line 1943 is coupled to 
be received by interface pads 1921. In one embodiment, when 
integrated circuit die 1801 is mounted in receptor site 1901, interface 
pad 1915 is coupled to interface pad 1921 through a crossover 
connection. As shown in Figure 19, a digital row select line 1945 is 
coupled to be received by interface pad 1929. In one embodiment, 
when integrated circuit die 1801 is mounted in receptor site 1901, 
interface pad 1923 is coupled to interface pad 1929 through a crossover 
connection. As shown in Figure 19, an analog line 1939 is coupled to 
interface pads 1919 and 1927. Note that in this embodiment, analog 
line 1939 is not coupled to region 1911 and region 1935. An analog 
line 1941 is coupled to interface pads 1917 and 1925. Note that in this 
embodiment, analog line 1941 is not coupled to region 1909 and region 
1933. 

In the embodiment illustrated in Figure 19, analog line 1939 
carries analog pixel information to drive pixels coupled to interface pads 
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1913 and 1937, which are selected by signals carried on digital row 
select lines 1943 and 1945. Analog line 1941 carries analog pixel 
information to drive pixels coupled to interface pads 1907 and 1931, 
which are selected by signals carried on digital row select lines 1943 
and 1945. 

In the foregoing detailed description, the method and apparatus 
of the present invention has been described with reference to specific 
exemplary embodiments thereof. However, it will be evident that 
various modifications and changes may be made thereto without 
departing from the broader spirit and scope of the present invention. 
The present specification and figures are accordingly to be regarded as 
illustrative rather than restrictive. 
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CLAIMS 

What is claimed is: 

1 . A method for testing a plurality of integrated circuits, the 
method comprising the steps of: 

arranging the plurality of integrated circuits on a wafer, the 
plurality of the integrated circuits including a first integrated circuit 
arranged on the wafer adjacent to a second integrated circuit; 

coupling across a boundary region of the wafer a first end of a 
switchable coupling of the first integrated circuit to a first end of a 
switchable coupling of the second integrated circuit; 

verifying a switchable coupling between a second end of the 
switchable coupling of the first integrated circuit and a second end of the 
switchable coupling of the second integrated circuit across the boundary 
region of the wafer; and 

removing the boundary region of the wafer to separate the first 
integrated circuit from the second integrated circuit. 

2. The method of claim 1 wherein the step of removing the 
boundary region of the wafer includes the step of severing a testing 
interconnect coupling across the boundary region of the wafer the first 
end of the switchable coupling of the first integrated circuit to the first 
end of the switchable coupling of the second integrated circuit. 

3. The method of claim 1 wherein the step of verifying the 
switchable coupling between the second end of the switchable coupling 
of the first integrated circuit and the second end of the switchable 
coupling of the second integrated circuit comprises the steps of: 

selecting the first end of the switchable coupling of the first 
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integrated circuit to be coupled to the second end of the switchable 
coupling of the first integrated circuit; 

selecting the first end of the switchable coupling of the second 
integrated circuit to be coupled to the second end of the switchable 
coupling of the second integrated circuit; and 

verifying that the second end of the switchable coupling of the first 
integrated circuit is coupled to the second and of the switchable 
coupling of the second integrated circuit. 

4. The method of claim 1 wherein the step of verifying the 
switchable coupling between the second end of the switchable coupling 
of the first integrated circuit and the second end of the switchable 
coupling of the second integrated circuit comprises the steps of: 

selecting the first end of the switchable coupling of the first 
integrated circuit to be decoupled from the second end of the switchable 
coupling of the first integrated circuit; 

selecting the first end of the switchable coupling of the second 
integrated circuit to be decoupled from the second end of the switchable 
coupling of the second integrated circuit; and 

verifying that the second end of the switchable coupling of the first 
integrated circuit is decoupled from the second and of the switchable 
coupling of the second integrated circuit. 

5. The method of claim 1 including a the additional step of 
marking the first and second integrated circuits if the verifying step is 
unsuccessful. 

6. The method of claim 1 including the additional step of marking 
the first and second integrated circuits if the verifying step is successful. 
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7. The method of claim 1 wherein the plurality of integrated 
circuits further includes a third integrated circuit arranged on the wafer 
adjacent to a fourth integrated circuit, the method including the 
additional steps of: 

coupling across the boundary region of the wafer a first end of a 
switchable coupling of the third integrated circuit to a first end of a 
switchable coupling of the fourth integrated circuit; 

verifying a switchable coupling between a second end of the 
switchable coupling of the third integrated circuit and a second end of 
the switchable coupling of the fourth integrated circuit across the 
boundary region of the wafer; and 

separating at the boundary region of the wafer the third integrated 
circuit from the fourth integrated circuit. 

8. A wafer including a plurality of integrated circuit dice arranged 
in an array, comprising: 

a first switchable coupling included in a first integrated circuit die 
included among the plurality of integrated circuit dice; 

a second switchable coupling included in a second integrated 
circuit die included among the plurality of integrated circuit dice, the first 
integrated circuit die arranged in the array adjacent to the second 
integrated circuit die across a boundary region, the boundary region to 
be removed from the wafer to separate the plurality of the integrated 
circuit dice; and 

a testing interconnect coupled between a first end of the first 
switchable coupling and a first end of the second switchable coupling 
across the boundary region such that a second end of the first 
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switchable coupling is switchably coupled to a second end of the 
second switchable coupling. 

9. The wafer of claim 8, further comprising a first select line 
coupled to the first and second switchable couplings across the 
boundary region to selectively activate or deactivate the first and second 
switchable couplings. 

10. The wafer of claim 9, further comprising: 

a second select line coupled to the first switchable coupling 
across the boundary region; and 

a third select line coupled to the second switchable coupling 
across the boundary region, the second and third select lines to 
selectively activate or deactivate the first and second switchable 
couplings, respectively. 

1 1 . The wafer of claim 9, further comprising: 

a third switchable coupling included in the first integrated circuit 
die, the third switchable coupling having a second end coupled to the 
second end of the to first switchable coupling; and 

a fourth select line coupled to the third switchable coupling 
across the boundary region to selectively activate or deactivate the third 
switchable coupling, the third switchable coupling to be deactivated 
when the first switchable coupling is activated. 

12. The wafer of claim 1 1 , further comprising: 

a fourth switchable coupling included in the second integrated 
circuit die, the fourth switchable coupling having a second and coupled 
to the second end of the second switchable coupling; and 
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a fifth select line coupled to the fourth switchable coupling across 
the boundary region to selectively activate or deactivate the fourth 
switchable coupling, the fourth switchable coupling to be deactivated 
when the second switchable coupling is activated. 

13. The wafer of claim 1 1 , further comprising: 
a fourth switchable coupling included in the second integrated 
circuit die, the fourth switchable coupling having a second and coupled 
to the second end of the second switchable coupling; 

the fourth select line coupled to the fourth switchable coupling 
across the boundary region to selectively activate or deactivate the 
fourth switchable coupling, the fourth switchable coupling to be 
deactivated when the second switchable coupling is activated. 

14. The wafer of claim 8, further comprising: 

a fifth switchable coupling included in a third integrated circuit die 
included among the plurality of integrated circuit dice; and 

a second testing interconnect coupled between the second end 
of the first switchable coupling and a second end of the fifth switchable 
coupling across the boundary region; and 

15. The wafer of claim 14, further comprising: 

a sixth switchable coupling included in a fourth integrated circuit 
die included among the plurality of integrated circuit dice; 

a third testing interconnect coupled between the second of the 
the second switchable coupling and a second end of the sixth 
switchable coupling across the boundary region. 

16. A method for testing a plurality of integrated circuits, the 
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method comprising the steps of: 

providing a wafer having the plurality of integrated circuits 
arranged thereon, the wafer including a boundary region disposed 
between each one of the plurality of integrated circuits; 

coupling an output of the a first switchable coupling of a first one 
of the plurality of integrated circuits to an output of a second switchable 
coupling of second one of the plurality of integrated circuits, the output of 
the the first and second switchable couplings coupled through a first 
testing interconnect disposed across the boundary region; 

activating selectively through a second testing interconnect 
disposed across the boundary region the first and second switchable 
couplings; 

accessing through a third testing interconnect disposed across 
the boundary region an input of the first switchable coupling; 

accessing through a fourth testing interconnect disposed across 
the boundary region an input of the second switchable coupling; 

verifying a switchable coupling between the first and second 
switchable couplings through the third and fourth testing interconnects; 
and 

removing the boundary region of the wafer to separate the 
plurality of integrated circuits. 

17. The method of claim 16 wherein the step of removing the 
boundary region of the wafer includes the step of severing the first, 
second, third and the fourth testing interconnects. 

18. The method of claim 16 including the additional step of 
deactivating selectively through a fifth testing interconnect disposed 
across the boundary region a third switchable coupling. 
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19. The method of claim 16 wherein the step of verifying the 
switchable coupling between the first and second switchable couplings 
includes the step of identifying a short circuit in the first and second 
switchable couplings. 

20. The method of claim 16 wherein the step of verifying the 
switchable coupling between the first and second switchable couplings 
includes the step of identifying and open circuit in the first and second 
switchable couplings. 

21 . The method of claim 1 6 were the step of verifying the 
switchable coupling between the first and second switchable couplings 
includes the step of identifying the failed transistor of the first and 
second switchable couplings. 

22. The method of claim 16 including the additional steps of: 
deactivating selectively the first and second switchable couplings; 
activating selectively through a fifth testing interconnect disposed 

across the boundary region a third and a fourth switchable coupling; 

accessing through the third testing interconnect an input of the 
third switchable coupling; 

accessing through the fourth testing interconnect an input of the 
fourth switchable coupling; and 

verifying a switchable coupling between the third and fourth 

* 

switchable couplings through the third and fourth switching 
interconnects. 
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23. The method of claim 22 including the additional step of 
deactivating selectively through the second testing interconnect the first 
and second switchable couplings. 

24. A method for testing a plurality of integrated circuits, the 
method comprising the steps of: 

arranging the plurality of integrated circuits on a wafer, the 
plurality of the integrated circuits including a first integrated circuit 
arranged on the wafer adjacent to a second integrated circuit; 

coupling across a boundary region of the wafer the first integrated 
circuit to the second integrated circuit; 

verifying the first integrated circuit with the second integrated 
circuit across the boundary region of the wafer; and 

removing the boundary region of the wafer to separate the first 
integrated circuit from the second integrated circuit. 

25. The method of claim 24 wherein the step of coupling across 
the boundary region of the wafer the first integrated circuit to the second 
integrated circuit includes the step in of coupling a first end of a 
switchable coupling of the first integrated circuit to a first end of a 
switchable coupling of the second integrated circuit. 

26. The method of claim 25 wherein the step of verifying the first 
integrated circuit with the second integrated circuit across the boundary 
region of the wafer includes the step of verifying a switchable coupling 
between a second end of the switchable coupling of the first integrated 
circuit and a second end of the switchable coupling of the second 
integrated circuit across the boundary region of the wafer. 
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27. The method of claim 24 wherein the step of removing the 
boundary region of the wafer includes the step of severing a testing 
interconnect coupling across the boundary region of the wafer the first 
integrated circuit to the second integrated circuit. 

28. The method of claim 26 wherein the step of verifying the 
switchable coupling between the second end of the switchable coupling 
of the first integrated circuit and the second end of the switchable 
coupling of the second integrated circuit comprises the steps of: 

selecting the first end of the switchable coupling of the first 
integrated circuit to be coupled to the second end of the switchable 
coupling of the first integrated circuit; 

selecting the first end of the switchable coupling of the second 
integrated circuit to be coupled to the second end of the switchable 
coupling of the second integrated circuit; and 

verifying that the second end of the switchable coupling of the first 
integrated circuit is coupled to the second and of the switchable 
coupling of the second integrated circuit. 

29. The method of claim 26 wherein the step of verifying the 
switchable coupling between the second end of the switchable coupling 
of the first integrated circuit and the second end of the switchable 
coupling of the second integrated circuit comprises the steps of: 

selecting the first end of the switchable coupling of the first 
integrated circuit to be decoupled from the second end of the switchable 
coupling of the first integrated circuit; 

selecting the first end of the switchable coupling of the second 
integrated circuit to be decoupled from the second end of the switchable 
coupling of the second integrated circuit; and 
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verifying that the second end of the switchable coupling of the first 
integrated circuit is decoupled from the second and of the switchable 
coupling of the second integrated circuit. 

30. The method of claim 24 including the additional step of 
marking the first integrated circuit according to the verifying step. 



WO 00/49421 



PCT/US00/04018 




WO 00/49421 



PCT/USOO/04018 



2/19 




WO 00/49421 



PCT/USOO/04018 




WO 00/49421 



PCT/US00/04018 



5/19 




WO 00/49421 



PCT/US00/04018 




WO 00/49421 



PCT/US00/04018 



7/19 




WO 00/49421 



PC1YUS00/04018 



8/19 




WO 00/49421 



PCT/USOO/04018 



9/19 




WO 00/49421 



PCT/US00/04018 



10/19 




o 




WO 00/49421 



PCT/USOO/04018 



11/19 




WO 00/49421 



PCT/US00/04018 




WO 00/49421 



PCT/US00/04018 



13/19 




WO 00/49421 



PCT/US00/04018 



14/19 




WO 00/49421 



PCT/USOO/04018 



15/19 




WO 00/49421 PCT/USOO/04018 




WO 00/49421 



PCT/US00/04018 




WO 00/49421 



PCT/US00/04018 



18/19 




WO 00/49421 



PCT/US00/04018 



19/19 



U 



1 — H 



ST 



— r 

TT 



3 



z,\7 



12 



1 ! 



51 



i 1 



ri 



□ 




3 



P 




V--, 



t — r 



L _ J 



□ 



5 

<3* 



i 



INTERNATIONAL SEARCH REPORT 



inti lionat Application No 

PCT/US 00/04018 



A CLASSIFICATION OF SUBJECT MATTER 

IPC 7 G01R31/28 



G02F1/1362 



According to international Palerrt Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 G01R G02F 



Documentation searched other than minimum documentation to the extent that such documents are Included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal , WPI Data, PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



A 
A 



US 5 446 395 A (GOTO JUNICHI) 

29 August 1995 (1995-08-29) 

column 3, line 42 - line 64; figure 3 



YEH H -J J ET AL: "NEW FABRICATION 
TECHNIQUE FOR THE INTEGRATION OF LARGE 
AREA OPTOELECTRONIC DISPLAY PANELS" 
CONFERENCE ON LASERS AND ELECTRO OPTICS. 
(CLE0),US,NEW YORK, IEEE, 
1994, pages 191-192, XP000619412 
the whole document 



24,27,30 



1,8,16 

1,8,16, 
24 



| | Further documents are listed in the continuation ot box C. 



ID 



Patent family members are listed in annex. 



0 Special categories of cited documents : 



"A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

V document which may throw doubts on priority clalm<s)or 
which (s cited to establish the publication data of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use. exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



T later document published after the international filing date 
or priority date and not In conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art 

document member of the same patent family 



Date of the actual completion of the international search 

15 June 2000 



Date of mailing of the international search report 



23/06/2000 



Name and mailing address of the ISA 

European Patent Office. P B 5818 Patentlaan 2 
. NL-2260HVRrjswijk 
Tel. (+31-70)340-2040, Tx. 31 651 epo nl, 
Pax: (+31-70) 340-3016 



Authorized officer 



Hi jazi t A 



Foim PCT/ISA/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



1m jtionai Application No 

PCT/US 00/04018 



Patent document 
cited In search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



US 5446395 



29-08-1995 



JP 6230086 A 



19-08-1994 



Forni PCT/lSAfci 0 (patent family annex) (July 1 992) 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



CORRECTED VERSION 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
24 August 2000 (24.08.2000) 



PCT 



IIIIR1III1I1IIIIIIIIII1IIIIIIIIIIII11IIII1 

(10) Internationa] Publication Number 

WO 00/49421 Al 



(51) International Patent Classification 7 : G01R 31/28, 

G02F 1/1362 

(21) International Application Number: PCT/USOO/04018 

(22) International Filing Date: 16 February 2000 (16.02.2000) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

09/251,269 16 February 1999 (16.02.1999) US 

(71) Applicant (for all designated States except US): ALIEN 
TECHNOLOGY CORPORATION [US/US]; Suite 100, 
900 E. Hamilton Avenue, Campbell, CA 95008 (US). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): SMITH, John, 



Stephen [US/US]; 1438 Oxford Street, Berkeley, CA 
94709 (US). 

(74) Agents: SCHELLER, James, C„ Jr. et al.; Blakely, 
Sokoloff, Taylor & Zafman LLP, 7th floor, 12400 Wilshire 
Boulevard, Los Angeles, CA 90025 (US). 

(81) Designated States (national): AE, AL, AM, AT, AU, AZ, 
BA, BB, BG, BR, BY, CA, CH, CN, CR, CU, CZ, DE, DK, 
DM, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, 
IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, 
LV, MA, MD, MG, MK, MN, MW, MX, NO, NZ, PL, FT, 
RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, UA, 
UG, US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, SD, SL, SZ, TZ, UG, ZW), Eurasian patent 
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent 
(AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, 
MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GW, ML, MR, NE, SN, TD, TG). 

[Continued on next page] 



(54) Title: TESTING INTEGRATED CIRCUIT DICE 



1613 



1621 



1625 

( 



OS 



1611 



1603 1615v O 



|l642 1 644 1637 ^ 
1648 1661 



1611 



1605 0—1617 1611 1619-0 1601 



1641 1643. 1645 1647 
1655 Jj 1657 



1649 1651 ||1670 1672 

ti t>^a □> 

1659 -Ch4Hj 1674 



1648 ii i ddi i ii v JL 

CK 1650 " 1665 MJ 1667 .» 1669 

1658 !r-ft89T~ 



1691 




' — ' M ' — 1 1616 



1671 



h^6 



mn L HHJ 1683 

1 '1679 »' 1681j: 

»» 1-4-4 JLifiH 

~ p m~ Y 1697 * " 1 " 1 " r " T - " b 1 



1676 
1673 V] 




1620 "1622 Sj 



1628 1630 



16ffi |! 16 



1685 !687 ii 16801682 

" DHKF a 
w+ 1611 1 

1612 m 1684 1B 86 

1602 M~h"-n 1Mb 

u h V 1690^ 
a 11 1688 S_J 
lL " °>1692 XJ 

1636 1638 □ I I □ 

If \ 1640 1694 1696 



ii 

XL 



1607 



1629 



ii 

_U- 



1609 



1631 



-U- 



1633 -^1635 



1623 

\ 

— o 



1627 

I 



(57) Abstract: A method for testing a plurality of integrated circuits. In one embodiment, a plurality of integrated circuits are 
arranged on a wafer (1601). The integrated circuits are separated on the wafer across the boundary region (161 1). Testing intercon- 
w nects are disposed across the boundary region to test switchable couplings included in each of the integrated circuits on the wafer. 
^ After the integrated circuits are tested on the wafer using the testing interconnects across the boundary region, the boundary region 
is removed, which separates the wafer into individual integrated circuit dice and severs the testing interconnects. 



WO 00/49421 Al I IIIII Ilflllll D UlliE Hill III 1 1 R 01 10a IIHI Illil UUI Qli DBDI [ID D II llfi 



Published: 

— with international search report 

(48) Date of publication of this corrected version: 

30 August 2001 

(15) Information about Correction: 

see PCT Gazette No. 35/2001 of 30 August 2001 , Section 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations " appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



WO 00/49421 



PCT/US00/04018 



TESTING INTEGRATED CIRCUIT DICE 

RELATED APPLICATIONS 

This application is related to co-pending application serial 

number / ( filed , 1998, entitled " Functionally 

Symmetric Integrated Circuit Die," which is assigned to the Assignee of 
the instant application. 

This application is related to co-pending application serial 

number __/__, , filed , 1998, entitled "Pixel Integrated 

Circuit," which is assigned to the Assignee of the instant application. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates generally to the field of electronic 
devices and, more specifically, the present invention relates to 
integrated circuits. 

Background Information 

There is currently a need in industry for a cost-effective, efficient 
and practical method for producing large arrays of electronic elements 
that can provide, produce or detect voltages. One example of such a 
need is that of displays, where each voltage becomes a subpixel 
intensity. Flat panel displays (FPDs) have become a multibillion dollar 
industry and is presently a growing portion of the high-resolution display 
market, which is itself growing rapidly. Liquid crystal displays (LCDs) 
dominate the FPD marketplace. One type of FPD is the active matrix 
LCDs or active matrix displays. Active matrix displays have a 
substantial worldwide infrastructure and are a proven commercial 
technology. 

Each picture element or pixel of an active matrix LCD contains 
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one or more thin film transistors. The presence of these active elements 
make it possible to more clearly and precisely control the brightness of 
each pixel, which dramatically improves the quality of the display. The 
advantages of active matrix LCDs become more pronounced as the 
screen sizes and resolutions increase. However, as screen sizes and 
resolutions increase, the manufacture and production of active matrix 
LCDs become increasingly difficult because is challenging to produce 
active matrix LCDs with high yields. For example, if a particular active 
matrix LCD has an unacceptably large number of defects, such as for 
example defective transistors or pixels, the entire active matrix LCD is 
discarded even though a relatively small number of elements are 
defective compared to the total number of elements on the active matrix 
LCD. 

One concern with the increasing size of large arrays of electronic 
elements is that as the number of electronic elements in the array 
increases, the lower the probability that all of elements in the array will 
work properly. With existing techniques, it is difficult to test any of the 
elements until the assembly is complete. If there are imperfections in 
the array, the imperfections must be tolerated. Otherwise, the entire 
array must be discarded, or special and expensive techniques must be 
used to repair the imperfections in the array. 

Silicon very large scale integration (VLSI) processes may be 
used to produce an array of electronic elements over a silicon wafer 
surface. A disadvantage with using these processes is that silicon 
wafers are conductive, limited in size and are generally not transparent. 
Furthermore, large areas of processed silicon wafers can be expensive. 
In particular, displays that valve the light coming through them need to 
be largely transparent. Single crystal silicon can be bonded to a glass 
substrate, and then etched to remove most of the area to achieve 
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transparency, but this is intrinsically wasteful in that, for the sake of 
maximizing light transmission, the majority of the processed material is 
discarded, and becomes chemical waste. The underutilization of the 
precious die area wastes resources, causes greater amounts of 
chemical waste to be generated in the process, and is generally 
inefficient and expensive. 

There are of course countless other examples of arrays of 
electronic elements that have useful applications. Another example of 
such an array is a photodiode array to collect solar energy. Large 
arrays of silicon photodiodes with concentrating lenses have been 
made by sawing wafers and using pick and place assembly, but thermal 
dissipation is poor for large elements, and small elements required too 
much assembly time. 

Thus, what is desired are methods and apparatuses for 
fabricating and testing arrays of electronic elements. 

SUMMARY OF THE INVENTION 

In one embodiment, methods and apparatuses providing 
functionally symmetric integrated circuit dice are disclosed. In one 
embodiment, an integrated circuit die is disclosed that includes a 
substrate and a plurality of interface pads to couple the integrated circuit 
die to receptor site of an electronic device. The plurality of interface 
pads of the integrated circuit die are arranged in the substrate such that 
the electronic device operates with the integrated circuit die mounted to 
the receptor site in any one of a plurality of orientations relative to the 
receptor site. 

In another embodiment, methods and apparatuses providing 
integrated circuits for display pix:els are disclosed. In one embodiment, 
an integrated circuit device is disclosed that includes a first transistor 
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coupled between an input and a first pixel of a display. The first 
transistor is configured to couple the first pixel to receive an input signal 
from the input in response to a first select signal. The integrated circuit 
device also includes a second transistor coupled between the input and 
the first transistor. The second transistor is configured to couple the first 
transistor to receive the input signal in response, to a second select 
signal. 

In yet another embodiment, methods and apparatuses for testing 
integrated circuit dice are disclosed. In one embodiment, a method for 
testing a plurality of integrated circuits is disclosed to include the steps 
of arranging a plurality of integrated circuits on a wafer. The plurality of 
integrated circuits includes a first integrated circuit arranged on the 
wafer adjacent to a second integrated circuit. A first end of a switchable 
coupling of the first integrated circuit is coupled across the boundary 
region of the wafer to a first end of a switchable coupling of the second 
integrated circuit. A switchable coupling is verified between a second 
end of the switchable coupling of the first integrated circuit and a second 
end of the switchable coupling of the second integrated circuit across 
the boundary region of the wafer. The first integrated circuit is then 
separated from the second integrated circuit by separating the wafer at 
the boundary region. Additional features and benefits of the present 
invention will become apparent from the detailed description, figures 
and claims set forth below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example and not 
limitation in the accompanying figures. 

Figure 1 is an illustration of one embodiment of an array of 
electronic elements that may be mounted into receptor sites of an 
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electronic device in accordance with the teachings of the present 
invention. 

Figure 2 is an illustration of one embodiment of a functionally 
symmetric integrated circuit die element having a plurality of interface 
pads and a corresponding mutually functionally symmetric receptor site 
having a plurality of corresponding interface pads. 

Figure 3 is a schematic of one embodiment of an integrated 
circuit in accordance with the teachings of the present invention. 

Figure 4 is an illustration of one embodiment of a layout of an 
integrated circuit die in accordance of the teachings of the present 
invention. 

Figure 5 is an illustration of one embodiment of a substrate of an 
active matrix display having a plurality of pixels and receptor sites in 
accordance with teachings of the present invention. 

Figure 6 is a schematic of one embodiment of an example circuit 
in accordance with the teachings of the present invention. 

Figure 7 is a schematic of yet another embodiment of an 
integrated circuit in accordance with the teachings of the present 
invention. 

Figure 8 is schematic of still another embodiment of integrated 
circuit in accordance with the teachings of the present invention. 

Figure 9 is an illustration of another embodiment of a layout of an 
integrated circuit die in accordance with the teachings of the present 
invention. 

Figure 10 is an illustration of another embodiment of a substrate 
of an active matrix display having a plurality of pixels and receptor sites 
in accordance with the teachings of the present invention. 

Figure 11 is an illustration of another embodiment of a 
functionally symmetric integrated circuit die element having a plurality of 
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interface pads and a corresponding mutually functionally symmetric 
receptor site having a plurality of corresponding interface pads. 

Figure 12 is a schematic of another embodiment of integrated 
circuit in accordance with the teachings of the present invention. 

Figure 13 is a schematic of yet another embodiment of an 
integrated circuit in accordance with the teachings of the present 
invention. 

Figure 14 is an illustration of yet another embodiment of a layout 
of an integrated circuit die in accordance with the teachings of the 
present invention. 

Figure 1 5 is an illustration of yet another embodiment of a 
substrate of an active matrix display having a plurality of pixels and 
receptor sites in accordance with the teachings of the present invention. 

Figure 16 is an illustration of one embodiment of a wafer 
including a plurality of integrated circuit dice arranged thereon with 
testing interconnects disposed across boundary areas in accordance 
with the teachings of the present invention. 

Figure 17 is an illustration of still another embodiment of a 
functionally symmetric integrated circuit die element having a plurality of 
interface pads and a corresponding mutually functionally symmetric 
receptor site having a plurality of corresponding interface pads. 

Figure 18 is a schematic of still another embodiment of integrated 
circuit in accordance with the teachings of the present invention. 

Figure 19 is an illustration of still another embodiment of a 
substrate of an active matrix display having a plurality of pixels, row 
select lines and analog select lines in accordance with the teachings of 
the present invention. 
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DETAILED DESCRIPTION 

Methods and apparatuses for providing arrays of integrated 
circuits in electronic devices are disclosed. In the following description, 
numerous specific details are set forth in order to provide a thorough 
understanding of the present invention. It will be apparent, however, to 
one having ordinary skill the art that the specific detail need not to be 
employed to practice the present invention. In other instances, well- 
known materials or methods have not been described in order to avoid 
obscuring the present invention. 

In one embodiment, the present invention relates to a design and 
a series of steps and a resulting structure for forming an array of active 
devices on a substrate which, by way of example, could be plastic, glass 
or a separately fabricated silicon substrate, among others. One 
embodiment of the present invention provides arrays of elements that 
can be, for example, individually addressed, driven to a particular 
voltage or electrically measured. Examples of array structures to which 
the present invention may be applied include, but are not limited to, 
displays, x-ray detector panels, solar cell arrays, memory arrays, long 
wavelength detector arrays, phased arrays of antennas, or the like. 

In another embodiment of the present invention, electronic 
subelements including small integrated circuit dice that are functionally 
symmetric under specific rotations are utilized. In one embodiment, the 
individual integrated circuit dice have a trapezoidal cross section. The 
trapezoidal cross section of one embodiment help the individual 
integrated circuit dice to be mounted into receptor sites of another 
substrate of an electronic device using for example fluidic or vibrational 
random placement. 

For instance, in one embodiment, integrated circuits may be 
formed using conventional VLSI techniques and then later separated 
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into individual integrated circuit dice by micro-machining into separate 
elements. In so doing, the integrated circuits may be designed in one 
embodiment in a way that enables them to be tested before assembly, 
so that any defective elements can be discarded. 

In one embodiment, the successfully tested integrated circuit dice 
are later mounted in an array onto another substrate, which may be 
formed from many different materials such as for example but not limited 
to plastic, glass, metal and others, or in layers of one material on 
another, such as for example plastic on a glass substrate. 

In one embodiment, the design of the integrated circuit dice that 
are later mounted onto another substrate of electronic device includes 
features such that the process of interconnecting the elements of the 
array use only a single layer of metalization, thereby reducing the 
possibility of interlayer shorts on the array of the electronic device. 

Figure 1 is an illustration of a portion of a substrate 101 of an 
electronic device having a plurality of receptor sites 103, 105, 107, 109, 
111, 113, 115, 117 and 119. As also shown in Figure 1, a plurality of 
elements 121, 123, 125, 127 ? 129, 131, 133, 135 and 137 are each 
shaped to be mounted into the receptor sites 103, 105, 107, 109, 1 1 1, 
1 13, 1 15, 1 17 and 1 1 9. After the elements are mounted into the 
corresponding receptor sites, an array of electronic elements is realized 
in accordance with the teachings of the present invention. 

In one embodiment, each of the elements including elements 
121, 123, 125, 127, 129, 131, 133, 135 and 137 are individual 
integrated circuit dice that have been micro-machined and tested before 
being mounted into the receptor sites 103, 105, 107, 109, 111, 113, 115, 
117 and 119. In one embodiment, each of the elements 121, 123, 125, 
127, 129, 131, 133, 135 and 137 is functionally symmetric such that 
each one of the elements is interchangeable with another one of the 
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elements. That is, the electronic device of substrate 101 would function 
properly independent of whether element 121 is ultimately mounted into 
receptor site 103, receptor site 105, receptor site 107, etc. 

As will be discussed in greater detail below, in one embodiment 
of the present invention, each one of the elements 121 , 123, 125, 127, 
129, 131, 133, 135 and 137 is functionally symmetric over a plurality of 
rotational orientations. For example, in the embodiment illustrated in 
Figure 1, the electronic device of substrate 101 would function properly 
if element 121 is mounted into receptor site 103 as shown. Furthermore, 
the electronic device of substrate 101 would also function properly if 
element 121 were rotated 90 degrees and mounted into receptor site 
105, or if element 121 were rotated 270 degrees and mounted into 
receptor site 1 07, etc. 

Figure 2 is an illustration of greater detail showing a receptor site 
203 in a substrate 201 of an electronic device. Figure 2 also shows an 
element 209 that is configured to be mounted into receptor site 203. As 
shown in Figure 2, the cross section of element 209 in one embodiment 
of the present invention is trapezoidal. In one embodiment, the 
trapezoidal cross section of element 209 of the present invention help 
element 209 to be mounted into receptor site 203 using fluidic self- 
assembly, vibrational tables, or the like. 

In one embodiment of the present invention, element 209 and 
receptor site 203 have physical shapes that allow element 209 to be 
mounted in receptor site 203 in any one of a plurality of orientations 
relative to receptor site 203. For explanation purposes only, assume 
that the top of Figure 2 is "North" and that arrow 21 1 is fixed on element 
209 as shown in Figure 2. In the embodiment illustrated in Figure 2, 
element 209 and receptor site 203 each have four-fold or four degrees 
of symmetry. As can be appreciated to those skilled in the art, other 
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shapes having other degrees of symmetry (e.g. two degrees of 
symmetry, three degrees of symmetry, etc.) may be utilized in 
accordance with the teachings of the present invention. In the example 
illustrated in Figure 2, element 209 may be mounted in receptor site 203 
with arrow 21 1 pointing "North," "East," "South" or "West." 

In one embodiment, element 209 is an integrated circuit die on a 
substrate. In one embodiment, the integrated circuitry of element 209 is 
coupled to a plurality of interface pads 213, 217, 219, 221 , 223, 225, 
227, 229 and 231 arranged on one side of element 209. Similarly, there 
are a plurality of interface pads 233, 235, 237, 239, 241, 243, 245, 247 
and 249 in receptor site 203 that are arranged to be coupled to the 
plurality of interface pads 213, 217, 219, 221, 223, 225, 227, 229 and 
231 when element 209 is mounted in receptor site 203. 

In one embodiment, element 209 and receptor site 203 are 
mutually symmetric such that element 209 can be mounted into receptor 
site 203 in any one of the plurality of orientations discussed above and 
the integrated circuit of element 209 will nevertheless provide the proper 
function for the electronic device of substrate 201 . Therefore, in one 
embodiment of the present invention, each one of the plurality of 
interface pads 213, 217, 219, 221, 223, 225, 227, 229 and 231 are 
functionally symmetric and therefore provide a predetermined function 
for the integrated circuit of the element 209 independent of the 
orientation in which element 209 is mounted in receptor site 203. 
Therefore, the electronic device of substrate 201 will function properly 
with interface pad 213 coupled to either interface pad 233, 237, 249 or 
245. It is observed that in the embodiment illustrated in Figure 2, 
interface pad 223 of element 209 will be coupled to interface pad 241 of 
receptor site 203 in all of the possible orientations in which element 209 
can be mounted to receptor site 203. 
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It is appreciated that there are a countless number of functions 
that the plurality of interface pads of element 209 can provide. It is also 
appreciated that other embodiments of the present invention may 
included a greater or a fewer number of interface pads, and may be 
arranged in different patterns in accordance with the teachings of the 
present invention. For example, in one embodiment, element 209 
contains circuitry that couples interface pad 223 to interface pad 217 in 
response to interface pad 219. In one example embodiment, the 
circuitry of element 209 includes integrated circuit devices such as for 
example transistors that are coupled between the plurality of interface 
pads through vias. In another example embodiment, the circuitry of the 
element 209 couples interface pad 219 to interface pad 223 in response 
to interface pads 217 and 225. Depending on the particular 
embodiment of circuitry included in element 209, the interface pads in 
receptor site 203 can be coupled, driven, grounded, etc., accordingly. 

Figure 3 is a schematic of one embodiment of an integrated 
circuit 301 that may be included in element 209 of Figure 2 in 
accordance with the teachings of the present invention. As shown in 
Figure 3, integrated circuit 301 includes a transistor 331 coupled 
between interface pads 223 and 227. A transistor 337 is coupled 
between interface pads 223 and 221 . A transistor 335 is coupled 
between interface pads 223 and 229. A transistor 333 is coupled 
between interface pads 223 and 225. The gate of transistor 331 is 
coupled to interface pad 219. The gate of transistor 337 is coupled to 
interface pads 213. The gate of transistor 335 is coupled to transistor 
pad 227. The gate of transistor 333 is coupled to interface pad 231 . 

It is noted that transistors 331 , 333, 335 and 337 are illustrated in 
Figure 3 as N-channel field effect transistors. It is appreciated that in 
other embodiments of the present invention, other types of integrated 
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circuit devices may be utilized in integrated circuit dice, such as for 
example but not limited to P-channel transistors, bipolar junction 
transistors, or the like. In one embodiment, and interface pads 213, 219, 
231 and 227 are coupled to receive digital select signals. Since N- 
channel transistors are utilized in embodiment illustrated in Figure 3, 
interface pad 217 is coupled to interface pad 223 in response to a 
logical "high" signal is received at interface pad 219. Similarly, interface 
pad 225 is coupled to the interface pad 223 when a logical "high" signal 
is received at interface pad 231 . Interface pad 229 is coupled to 
interface pad 223 when a logical "high" signal is received at interface 
pad 227. Interface pad 221 is coupled to interface pad 223 when a 
logical "high" signal is received at interface pad 213. 

In one embodiment of the present invention, integrated circuit 301 
includes a diode 339 coupled to interface pad 213 and grounded to the 
substrate 347 of integrated circuit die 301. It is noted that substrate 347 
is also shown as ground in integrated circuit die 301 in Figure 3. A 
diode 341 is coupled to interface pad 219 and grounded to substrate 
347. A diode 343 is coupled to interface pad 231 and grounded to 
substrate 347. In a diode 345 is coupled to interface pad 227 and 
grounded to substrate 347. 

As discussed above with respect to Figure 2, integrated circuit die 
301 in one embodiment may be included in element 209, which is 
mounted in receptor site 203 of substrate 201 of an electronic device. In 
one embodiment of the present invention, it is assumed that at least one 
of interface pads 213, 219, 231 or 227 is at ground or zero volts during 
normal operation of the electronic device of substrate 201 . In order to 
reduce the amount that the substrate 347 of integrated circuit die 301 
"floats" above zero volts, at least one of diodes 339, 341 , 343 or 345 will 
pull substrate 347 down to zero volts. For example, assume that 
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substrate 347 rises to a voltage above ground and that interface pad 
213 is at ground or zero volts. In this situation, diode 339 will "turn on" to 
maintain substrate 347 at ground. By maintaining substrate 347 at 
ground, it is appreciated that the risks of latch up or other undesirable 
consequences are reduced. 

Figure 4 is an illustration showing one embodiment of a layout of 
integrated circuit die 401 in a substrate 447 in accordance with the 
teachings of the present invention. The layout of integrated circuit die 
401 of Figure 4 corresponds to the schematic illustrated in Figure 3. In 
one embodiment, semiconductor substrate 447 includes silicon. In one 
embodiment, substrate 447 includes single crystal silicon. In one 
embodiment, vias 413, 417, 419, 421, 423, 425, 427, 429 and 431 of 
Figure 4 are coupled to interface pads 213, 217, 219, 221, 223, 225, 
227, 229 and 231 , respectively, of Figures 2 and 3. 

As shown in Figure 4, a channel 431 is disposed in substrate 447 
between vias 417 and 423. A channel 433 is disposed in substrate 447 
between vias 425 and 423. A channel 435 is disposed in substrate 447 
between vias 423 and 429! A channel 437 is disposed in substrate 447 
between vias 423 and 421 . As also shown in Figure 4, a gate 432 is 
disposed over channel 431 and is coupled to via 419. A gate 434 is 
disposed over channel 433 and is coupled to via 431 . A gate 436 is 
disposed over channel 435 and is coupled to via 427. A gate 438 is 
disposed over channel 437 and is coupled to via 413. In one 
embodiment, channel 431 and gate 432 of Figure 4 form transistor 331 
of Figure 3. The channel 433 and gate 434 of Figure 4 form transistor 
333 of Figure 3. The channel 435 and gate 436 of Figure 4 form 
transistor 335 of Figure 3. Channel 437 and gate 438 of Figure 4 form 
transistor 337 of Figure 3. 

As one can observe from the illustration of Figure 4, the layout of 
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integrated circuit 401 has four degrees of symmetry, which happens to 
equal the number of degrees of symmetry of element 209 of Figure 2. 
As will be discussed in greater detail below, other layouts having 
different degrees of symmetry than the corresponding element may be 
utilized in other embodiments in accordance with the teachings of the 
present invention. 

Figure 5 is an illustration of one embodiment of a portion of a 
substrate 501 of electronic device. In one embodiment, the electronic 
device of substrate 501 is an active matrix display. As shown in Figure 
5, substrate 501 includes pixels 503, 505, 507 and 509 as well as 
receptor sites 51 1, 513, 515 and 517. In the embodiment illustrated in 
Figure 5, receptor sites 51 1 , 513, 515 and 517 are compatible with the 
integrated circuit dice discussed above with respect to Figures 2-4. For 
example, integrated circuit die 301 may be mounted to receptor sites 
511 in any one of the above-discussed orientations because both 
integrated circuit die 501 and receptor site 51 1 have four degrees of 
symmetry. 

In the embodiment illustrated, pixel 503 is coupled to interface 
pad 521 to receptor site 51 1 . Pixel 505 is coupled to interface pad 539 
of receptor site 513 and interface pad 529 a receptor site 511. Pixel 507 
is coupled to interface pad 533 of receptor site 511, interface pad 549 of 
receptor site 513 and interface pad 567 of receptor site 515. Pixel 509 
is coupled to interface pad 551 receptor site 513, interface pad 585 of 
receptor site 517 and interface pad 575 of receptor site 515. 

Assuming that integrated circuit dice such as for example those 
discussed above with respect to Figures 2-4 are mounted into receptor 
sites 51 1, 513, 515 and 517, operation of the display of substrate 501 is 
as follows. As shown in Figure 5, a digital column select line 559 is 
coupled to be received by interface pad 535 of receptor site 511, 
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interface pad 549 of receptor site 513, interface pad 581 to receptor site 
515 and interface pad 595 of receptor site 517. A digital column select 
line 561 is coupled to be received by interface pad 519 of receptor site 
511, interface pad 541 of receptor site 513, interface pad 565 of receptor 
site 515 and interface pad 587 of receptor site 517. In one embodiment, 
digital column select lines 559 and 551 are used to activate an entire 
column of the display of substrate 501 . 

In one embodiment, analog row lines 557 and 563 are 
interconnects carrying analog pixel information for the pixels of the 
display. As shown in Figure 5, analog row line 557 is coupled to 
interface pad 527 of receptor site 51 1 and interface pad 545 of receptor 
site 513. Analog row line 563 is coupled to interface pad 573 of 
receptor site 515 and interface pad 591 of receptor site 517. 

Assume during operation of the active matrix display of substrate 
501 that digital column select line 559 is set to logical low value and that 
digital column select line 551 is set to a logical high value. As a result, 
the column including pixels 505 and 509 is selected, while the column 
including pixels 503 and 507 is deselected. Accordingly, the analog 
signal on analog row line 557 is coupled to be received by pixel 505 
through the interface pads 535 and 539 of receptor site 513. In addition, 
the analog signal on analog row line 557 is also coupled to be received 
by pixel 505 through interface pad 527 and 529 of receptor site 511. 
Similarly, the analog signal on row line 563 is coupled to be received by 
pixel 509 through the interface pads 591 and 585 of receptor site 517. 
In addition, the analog signal on row line 563 is also coupled to be 
received by pixel 509 through interface pads 573 and 575 of receptor 
site 515. It is noted that because column select 559 is at a logical low 
value, pixel 503 is not connected to row line 557 through interface pads 
527 and 521 of receptor site 51 1 . Similarly, pixel 507 is not coupled to 
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row line 563 through interface pads 573 and 557 of receptor site 515. 
Indeed, pixels 503 and 507 are in a column that has not been selected 
with column select line 559. 

It is noted that each pixel of the display illustrated in Figure 5 is 
redundantly coupled to receive analog row information through a 
plurality of receptor sites in accordance with the teachings of the present 
invention. It is appreciated that this redundancy provides additional 
reliability to the display of substrate 501 in the event that there is a 
failure in an integrated circuit device that is included in one of the 
elements mounted in receptor sites 51 1, 513, 515 or 517. 

Another characteristic of the display of substrate 501 is that 
whenever a column the selected using, for example, digital column 
select line 559 or 561 , the entire column of the display is selected. 
Therefore, in one embodiment, row driver circuitry is required to drive 
every pixel in the entire selected column of the display at a time. For 
large displays, this may amount to a substantial amount of circuitry to 
drive every pixel in the column of the display at a time. 

Figure 6 is a schematic of another embodiment of integrated 
circuit 601 in accordance with the teachings of the present invention. In 
one embodiment, integrated circuit 601 includes series coupled 
transistors 603 and 605 between an input 607 and a pixel 609 of a 
display. As shown in Figure 6, the gate of transistor 603 is coupled to 
receive a first digital select signal 61 1 and the gate of transistor 605 is 
coupled to receive a second digital select signal 613. Thus, in one 
embodiment, an analog input signal is received at input 607 and is 
coupled to pixel 605 in response to first and second digital select 

signals 611 and 613. 

In one embodiment, digital select signal 61 1 is a row select signal 
and digital select signal 613 is a column select signal. In another 
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embodiment, digital select signal 61 1 is a column select signal and 
digital select signal 613 is a row select signal. 

With integrated circuit 601 , it is noted that each individual pixel 
609 of the display may be individually addressed. Therefore, it is 
appreciated that in one embodiment well-known multiplexing 
techniques may be utilized such that a smaller amount of row driver 
circuitry is used to drive each pixel 609 of the display in comparison with 
displays that utilize only a single digital select signal for each pixel. 

For example, in one embodiment, the odd columns of pixels are 
driven during a first pass of a display refresh cycle and the remaining 
even columns of pixels are driven during the latter pass of the display 
refresh cycle. Accordingly, only half the amount of the row driver 
circuitry is utilized when compared to a display where all columns of 
pixels are driven during the same pass of a display refresh cycle. It is 
appreciated of course that there may be other combinations grouping 
pixels of a display for refresh in accordance with the teachings of the 
present invention. For instance, the pixels may be divided into odd/even 
columns of pixels, or the display may be divided into several regions, 
each of which may be refreshed individually in sequence, etc. 

Figure 7 is a schematic of yet another embodiment of integrated 
circuit 701 in accordance with the teachings of the present invention. As 
shown in Figure 7, transistors 713 and 715 are coupled in series 
between interface pads 730 and 733. Transistors 717 and 719 are 
coupled in series between interface pads 730 and 736. Transistors 721 
and 723 are coupled in series between interface pads 730 and 739. 
Transistors 725 and 727 are coupled in series between interface pads 
730 and 742. 

In one embodiment, integrated circuit 701 is used to drive the 
pixels of a display. Thus, in one embodiment, pixel 703 is coupled to 
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interface pad 733, pixel 705 is coupled to interface pad 736, pixel 707 is 
coupled to interface pad 739 and pixel 709 is coupled to interface pad 
742. 

In one embodiment, interface pad 733 is coupled to receive an 
analog input signal coupled to interface pad 730 through transistors 713 
and 715 in response to the first digital select signal coupled to be 
received at interface pad 731 and a second digital select signal coupled 
to be received at interface pad 732. Interface pad 736 is coupled to 
receive the analog input signal coupled to interface pad 730 through 
transistors 717 and 719 in response to a first digital select signal 
coupled to be received at interface pad 734 and a second digital select 
signal coupled to be received at interface pad 735. Interface pad 739 is 
coupled to receive the analog input signal coupled to interface pad 730 
through transistors 721 and 723 in response to a first digital select 
signal coupled to be received at interface pad 737 and a second digital 
select signal coupled to be received at interface pad 738. Interface pad 
742 is coupled to receive the analog input signal coupled to interface 
pad 730 through transistors 725 and 727 in response to a first digital 
select signal coupled to interface pad 740 and a second digital select 
signal coupled to interface pad 741. 

It is noted that integrated circuit 701 is yet another integrated 
circuit that may be implemented into an integrated circuit die having 
functional symmetry over a plurality of rotational orientations in 
accordance with the teachings of the present invention. In the 
embodiment illustrated in Figure 7, integrated circuit 701 has four-fold 
symmetry and 1 3 separate interface pads 730-742. 

Figure 8 is a schematic of still another integrated circuit 801 in a 
substrate 849 providing two digital select signals for each pixel in 
accordance with the teachings of the present invention. It is appreciated 
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that integrated circuit 801 may be included in an element similar to 
element 209 of Figure 2 in accordance with the teachings of the present 
invention. In particular, interface pads 813, 817, 819, 821, 823, 825, 
827, 839 and 831 of Figure 8 correspond to interface pads 213, 217, 
219, 221, 223, 225, 227, 229 and 231, respectively, of Figure 2. 

Integrated circuit 801 includes transistors 833 and 835 coupled in 
series between interface pads 823 and 813. Transistors 837 and 839 
are coupled in series between interface pads 823 and 81 9. Transistors 
841 and 843 are coupled in series between interface pads 823 and 831 . 
Transistors 845 and 847 are coupled in series between interface pads 
823 and 827. As shown in Figure 8, the gates of transistors 833 and 
839 are both coupled to interface pad 817. The gates of transistors 837 
and 843 are both coupled to interface pad 825. The gates of transistors 
841 and 847 are both coupled to interface pad 829. The gates of 
transistors 845 and 835 are both coupled to interface pad 821. 

Accordingly, transistors 833 and 839 are switched in response to 
a digital select signal received at interface pad 817. Transistors 837 
and 843 are switched in response to a digital select signal received at 
interface pad 825. Transistors 841 and 847 are switched in response to 
a digital select signal received at interface pad 829 transistors 835 and 
845 are switched in response to a digital select signal received at 

interface pad 82 1 - 

Therefore, interface pad 813 is coupled to interface pad 823 in 
response to a logical high digital select signal received at interface pads 
817 and 821. Interface pad 819 is coupled to interface pad 823 in 
response to the logical high digital select signal received at interface 
pads 817 and 825- Interface pad 831 is coupled to interface pad 823 in 
response to a logical high digital select signal received at interface pads 
825 and 829. Interface pad 827 is coupled to interface pad 823 in 



WO 00/49421 



PCT/US00/04018 



-20- 

response to a logical high digital select signal received at interface pads 
821 and 829. 

Assuming that integrated circuit 801 is utilized in one 
embodiment to drive pixels of an active matrix display from an analog 
signal line coupled to interface pad 823, it is worthwhile to note that 
integrated circuit 801 provides the individual addressability of pixels 
coupled to interface pads 813, 819, 827 and 831 using nine interface 
pads 813, 817, 819, 821, 823, 825, 827, 829 and 831 instead of the 13 
interface pads 730-742 employed in Figure 7. 

Figure 9 is an illustration showing one embodiment of a layout of 
an integrated circuit die 901 in a substrate 947 in accordance with the 
teachings of the present invention. The layout of integrated circuit die 
901 corresponds to the schematic illustrated in Figure 8. In one 
embodiment, semiconductor substrate 947 includes silicon. In one 
embodiment, substrate 947 includes single crystal silicon. In one 
embodiment, vias 913, 917, 919, 921, 923, 925, 927, 929 and 931 are 
coupled to interface pads 813, 817, 819, 821, 823, 825, 827, 829 and 

831 , respectively, of Figure 8. 

As shown in Figure 9, a channel 931 is disposed in substrate 947 
between vias 913 and 923. A channel 933 is disposed in substrate 947 
between vias 919 and 923. A channel 935 is disposed in substrate 947 
between vias 931 and 923. A channel 937 is disposed in substrate 947 

between vias 927 and 923. 

As also shown in Figure 9, gates 932 and 946 are disposed over 
channel 931 . Gates 932 and 946 are coupled to vias 917 and 921 , 
respectively. Gates 936 and 934 are disposed over channel 933. Gates 
936 and 934 are coupled to vias 925 and 917, respectively. Gates 940 
and 938 are disposed over channel 935. Gates 940 and 938 are 
coupled to vias 929 and 925, respectively. Gates 944 and 942 are 
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disposed over channel 937. Gates 944 and 942 are coupled to vias 921 
and 929, respectively. 

In one embodiment, channel 931 and gates 932 and 946 form 
transistors 838 and 835, respectively. Channel 933 and gates 934 and 

936 a form transistors 839 and 833, respectively. Channel 935 and 
gates 938 and 940 form transistors 843 and 841, respectively. Channel 

937 and gates 942 and 944 form transistors 847 and 845, respectively. 

As can be observed from the illustration of Figure 9, the layout of 
integrated circuit 901 has four degrees of symmetry, which happens to 
equal the number of degrees of symmetry of element 209 of Figure 2. 
As will be discussed in further detail below, other layouts having 
different degrees of symmetry than corresponding element may be 
utilized in other embodiments in accordance with the teachings of the 
present invention. 

Figure 10 is an illustration of another embodiment of a portion of 
a substrate 1001 of the electronic device. In the embodiment illustrated 
in Figure 10, the electronic device of substrate 1001 is an active matrix 
display. As shown in Figure 10, substrate 1001 includes pixels 1003, 
1005, 1007 and 1009 as well as receptor sites 1025, 1027, 1029 and 
1031. In the embodiment illustrated in Figure 10, receptor sites 1025, 
1027, 1029 and 1031 are compatible with the integrated circuit dice 
discussed above with respect to Figures 8 and 9. For example, 
integrated circuit die 801 may be mounted on to receptor site 1025 in 
any one of four orientations as discussed above because integrated 
circuit 801 has four-fold symmetry. 

In the embodiment illustrated, pixel 1003 is coupled to interface 
pad 1037 of receptor site 1025. Pixel 1005 is coupled to interface pad 
1053 of receptor site 1027 and interface pad 1033 of receptor site 1025. 
Pixel 1007 is coupled to interface pad 1071 of receptor site 1029. Pixel 



WO 00/49421 



PCTYUS00/04018 



-22- 

1009 is coupled to interface pad 1089 of receptor site 1031 and 
interface pad 1067 of receptor site 1029. 

Assuming that integrated circuit dice such as for example those 
discussed above with respect to Figures 8 and 9 are mounted into 
receptor sites 1025, 1027, 1029 and 1031, operation of the active matrix 
display of substrate 1001 is as follows. In one embodiment, digital 
column select line 1011 is coupled to be received at interface pad 1041 
of receptor site 1025, interface pad 1055 of receptor site 1027, interface 
pad 1077 of receptor site 1029 and interface pad 1091 of receptor site 
1031. In the embodiment illustrated in Figure 10, digital column select 
line 101 1 is used to select the column including pixels 1005 and 1009. 

The active matrix display of substrate 1001 also includes a digital 
row select lines 1015, 1017, 1021 and 1023. Digital row select line 
1015 is coupled to be received by interface pad 1035 of receptor site 
1025 and interface pad 1051 of receptor site 1027. Digital row select 
line 1017 is coupled to received by interface pad 1045 of receptor site 
1025 and interface pad 1063 of receptor site 1027. Digital row select 
line 1021 is coupled to be received by interface pad 1069 of receptor 
site 1029 and interface pad 1087 of receptor site 1031. Digital row 
select line 1023 is coupled to be received by interface pad 1081 of 
receptor site 1029 and interface pad 1098 of receptor site 1031. In the 
embodiment illustrated, digital row select line 1015 is used to select the 
row of the display including pixels 1003 and 1005. Digital row select 
lines 1017 and 1021 are used to select the row of the display including 

pixels 1007 and 1009. 

In one embodiment, analog lines 1013 and 1019 carry analog 
pixel information for the pixels of the display. As shown in Figure 10, 
analog line 101 a is coupled to be received by interface pad 1040 of 
receptor site 1025 and interface pad 1057 of receptor site 1027. Analog 
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line 1019 is coupled to be received by interface pad 1075 of receptor 
site 1029 and interface pad 1093 of receptor site 1031 . 

Assume during operation of the display of substrate 1001 that 
digital column select line 1011 is set to a logical high value and that 
another digital column select line that is coupled to be received by 
interface pad 1039 of the receptor site 1025 and interface pad 1073 of 
receptor site 1 029 is set to logical low value. Furthermore, assume that 
yet another digital column select line coupled to be received by interface 
pad 1059 of receptor site 1027 and interface pad 1095 of receptor site 
1031 is also set to logical low value. As a result, the column including 
pixels 1005 and 1009 is selected and other columns including the 
column including pixels 1003 and 1007 are deselected. In addition, 
assume that digital row select line 1015 is set to logical high value and 
that digital row select lines 1017, 1021 and 1023 are set to logical low 
values. Accordingly, pixel 1005 is selected and pixels 1003, 1007 and 
1009 are deselected. 

As a result, the analog information carried in analog line 1013 is 
coupled to be received by pixel 1005 and is not coupled to be received 
by pixel 1003. Furthermore, the analog information carried in analog 
line 1019 is not coupled to be received by pixels 1007 and 1009. The 
analog information carried in analog line 1013 is coupled to be received 
by pixel 1005 from interface pad 1057 through interface pad 1053. In 
addition, the analog information carried in analog line 1013 is also 
coupled to be received by pixel 1005 from interface pad 1040 through 

interface pad 1 033. 

It is noted that each pixel in the display illustrated in Figure 10 is 
redundantly coupled to receive analog information from a plurality of 
receptor sites in accordance with the teachings of the present invention. 
It is appreciated that this redundancy provides additional reliability to the 
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display of substrate 1001 in the event that there is a failure in an 
integrated circuit device that is included in one of the elements mounted 
in receptor sites 1025, 1027, 1029 and 1031. 

In contrast with the display of substrate 501 , each pixel of the 
display of substrate 1001 may be individually addressed. Therefore, in 
one embodiment, less analog driver circuitry is required since an entire 
row or an entire column is not required to be driven simultaneously. For 
instance, in one embodiment, well known multiplexing techniques may 
be utilized to drive each pixel individually or a smaller subset of pixels of 
the display of substrate 1001. 

One characteristic of the display of substrate 1001 is that several 
layers of metalization are utilized to interconnect the elements of the 
display. Accordingly, a plurality of masking steps are required during 
fabrication of the display of the substrate 1001 . As consequence, there 
are crossovers between overlapping interconnect lines in neighboring 
layers of metalization. For example, as shown in Figure 10 digital 
column select line 1011 crosses over a plurality of other interconnect 
lines including analog line 1013, digital row select line 1015, etc.. As 
can be appreciated, the crossover of interconnect lines is a potential 
source for interlayer short circuit defects between interconnect lines. 

Figure 1 1 is an illustration of yet another embodiment of an 
element 1105 and a corresponding receptor site 1103 in a substrate 
1101 in accordance with the teachings of the present invention. As 
shown in Figure 1 1 , the cross-section of element 1 105 in one 
embodiment is trapezoidal. The trapezoidal cross-section of the 
elements of one embodiment of the present invention help element 
1 105 to be mounted into receptor site 1 103 using fluidic self-assembly, 
vibrational tables, or the like. 

Similar to element 209 and receptor site 203 of Figure 2, element 
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1 105 and receptor site 1 103 are mutually symmetric such that element 
1 105 may be mounted into receptor site 1 103 in any one of a plurality of 
orientations relative to receptor site 1 103. In one embodiment, element 
1 105 is an integrated circuit die on a substrate. In one embodiment, the 
integrated circuitry of element 1 105 is coupled to a plurality of interface 
pads 1107, 1109, 1111, 1113, 1115, 1117, 1119, 1121, 1123, 1125, 
1 127, 1 129 and 1131, which are arranged on the substrate of element 
1 105. Similarly, there are a plurality of interface pads 1 133, 1 135, 1 137, 
1139, 1141, 1143, 1145, 1137, 1149, 1151, 1153, 1155 and 1157 
arranged in receptor site 1103. 

The above referenced interface pads are arranged in a pattern 
such that the interface pads of element 1 105 and the interface pads of 
receptor site 1 103 are coupled when element 1105 is mounted in 
receptor site 1 103 in any one of a plurality of rotations. When mounted 
in any one of the plurality of orientations, the integrated circuit of 
element 1 105 will provide proper function for an electronic device of 
substrate 1 101 . For explanation purposes only, assume that the top of 
Figure 1 1 is "North" and that arrow 1 106 is fixed on element 1 105 as 
shown in Figure 11. In the embodiment illustrated in Figure 1 1 , element 
1 105 and receptor site 1 103 each have four-fold or four degrees 
symmetry. In the embodiment illustrated in Figure 11, element 1105 
may be mounted into receptor site 1 103 with arrow 1 106 pointing either 
"North," "East," "South" or "West." 

Figure 12 is a schematic of one embodiment integrated circuit 
1201 that may be included in element 1105 in accordance with the 
teachings of the present invention. As shown in Figure 12, integrated 
circuit 1201 includes transistors 1235 and 1233 coupled between 
interface pads 1219 and 1207. Transistors 1239 and 1237 are coupled 
between interface pads 1213 and 1219. Transistors 1243 and 1241 are 
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coupled between interface pads 1231 and 1219. Transistors 1245 and 
1237 are coupled between interface pads 1219 and 1225. 

As shown in Figure 12, the gates of transistors 1233 and 1245 
are coupled to interface pads 1209 and 1227. The gates of transistors 
1237 and 1241 are coupled to interface pads 1211 and 1229. The 
gates of transistors 1239 and 1235 are coupled to interface pads 1217 
and 1215. The gates of transistors 1243 and 1237 are coupled to 
interface pads 1223 and 1221. 

It is worthwhile to note that integrated circuit 1201 provides direct 
crossover paths between several pairs of the interface pads. These 
crossover paths act as pass-through conduits. In particular, in the 
embodiment illustrated in Figure 12, interface pad 1217 is directly 
coupled to interface pad 1215, interface pad 1223 is directly coupled to 
interface pad 1221 , interface pad 1211 is directly coupled to interface 
pad 1229 and interface pad 1209 is directly coupled to interface pad 
1227. As will be discussed, this direct coupling of pairs of interface pads 
provides crossover paths within integrated circuit 1201, which in one 
embodiment eliminates the need for multiple metalization layers of a 
completed electronic device utilizing integrated circuit 1201. 

During operation, interface pad 1219 is coupled to interface pad 
1207 when a logical high signal is received at interface pads 1209/1227 
and interface pads 1215/1217. Interface pad 1213 is coupled to 
interface pad 1219 when a logical high signal is received at interface 
pads 1211/1229 and 1215/1217. Interface pad 1231 is coupled to 
interface pad 1219 when the logical high signal is received at interface 
pads 1211/1229 and interface pads 1221/1223. Interface pad 1225 is 
coupled to interface pad 1219 when a logical high signal is received at 
interface pads 1209/1227 and interface pads 1221/1223. 

In one embodiment, integrated circuit 1201 includes sample and 
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hold circuitry coupled to interface pads 1207, 1213, 1225 and 1231. In 
the embodiment illustrated in Figure 12, the sample and hold circuitry 
includes a capacitor 1257 grounding interface pad 1207 to the substrate 
1265 integrated circuit 1201. A capacitor 1259 grounds interface pad 
1213 to substrate 1265, a capacitor 1263 grounds interface pad 1225 to 
substrate 1265 and a capacitor 1261 grounds interface pad 1231 to 
substrate 1265. In the embodiment illustrated in Figure 12, is noted 
connections to ground may also be considered as connections to 
substrate 1265 of integrated circuit die 1201. 

In one embodiment, depending on which one of a plurality of 
orientations in which integrated circuit die 1201 is mounted into a 
corresponding receptor site, interface pads 1211/1229 and 1209/1227 
are coupled to receive either digital row select or digital column select 
signals of an active matrix display. In that embodiment, interface pads 
1215/1217 and interface pads 1221/1253 are coupled to receive either 
digital column select or digital row select signals of the active matrix 
display. 

In one embodiment, if interface pads 1211/1229 receive a logical 
high signal, it is assumed that interface pads 1209/1227 receive a 
logical low signal. Conversely, if interface pads 1209/1227 receive a 
logical high signal, it is assumed that interface pads 1211/1229 receive 
a logical low signal. Similarly, if interface pads 1215/1217 receive a 
logical high signal, it is assumed that interface pads 1221/1223 receive 
a logical low signal. Conversely, if interface pads 1221/1223 receive a 
logical high signal, it is assumed that interface pads 1215/1217 receive 

a logical low signal. 

As discussed above with respect to Figure 11, integrated circuit 
die 1201 in one embodiment is included in element 1105, which is 
mounted in receptor site 1 13 of substrate 1 101 . In order to reduce the 
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amount that substrate 1265 of integrated circuit die 1201 "floats" above 
zero volts, a transistor 1249 is coupled between interface pads 
1209/1227 and the substrate 1265, which is illustrated as ground in 
Figure 12. Similarly, transistor 1251 is coupled between interface pads 
1215/1217 and substrate 1265, transistor 1253 is coupled between 
interface pads 1211/1229 and substrate 1265 and transistor 1255 is 
coupled between interface pads 1221/1223 and substrate 1265. 

During operation, transistor 1249 couples substrate 1265 to 
interface pads 1209/1227 in response to the logical high value received 
at interface pads 1211/1229. As discussed above, when interface pads 
1211/1229 are at the logical high value, it is assumed that interface 
pads 1209/1227 are at the logical low value, or zero volts. As result, 
substrate 1265 will be maintained at ground or the logical low value 
during this time. Conversely, transistor 1253 couples substrate 1265 to 
interface pads 1211/1229 in response to a logical high signal received 
at interface pads 1209/1227. When interface pads 1209/1227 are at the 
logical high value, it is assumed that interface pads 121 1/1229 are at 
the logical low value. Thus, substrate 1265 will be maintained at the 
ground or the logical low value during this time. 

Similarly, transistor 1251 couples substrate 1265 to interface 
pads 1215/1217 in response to a logical high value received at interface 
pads 1221/1223. As discussed above, when interface pads 1221/1223 
are at the logical high value, it is assumed that interface pads 
1215/1217 are at the logical low value, thereby maintaining substrate 
1265 at ground or the logical low value during this time. Conversely, 
transistor 1255 couples substrate 1265 to interface pads 1221/1223 in 
response to a logical high signal received at interface pads 1215/1217. 
When interface pads 1215/1217 are at the logical high value, it is 
assumed that interface pads 1221/1223 are at the logical low value. 
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Thus, substrate 1265 will be maintained at the ground or the logical low 
value during this time. As can be appreciated, by maintaining substrate 
1265 at ground, the risks of latch up or other undesirable consequences 
are reduced. 

Figure 13 is a schematic of another embodiment of an integrated 
circuit die 1301 in accordance with the teachings of the present 
invention. Integrated circuit die 1301 is similar to integrated circuit die 
1201 and interface pads 1307, 1309, 1311, 1313, 1315, 1317, 1319, 
1321, 1323, 1325, 1327, 1329 and 1331 correspond to interface pads 
1207, 1209, 1211, 1213, 1215, 1217, 1219, 1221, 1223, 1225, 1257, 
1229 and 1231, respectively. Transistors 1333, 1335, 1337, 1339, 
1341, 1343, 1345 and 1347 correspond to transistors 1233, 1235, 1237, 
1239, 1241, 1243, 1245 and 1237, respectively. Sample and hold 
circuitry capacitors 1357, 1359, 1361 and 1363 correspond to 
capacitors 1257, 1259, 1261 and 1263, respectively. 

In order to maintain the substrate 1365 of integrated circuit die 
1301 at ground, integrated circuit die 1301 includes a diode 1349 
coupled between interface pads 1315/1317 and substrate 1365, a diode 
1351 coupled between interface pads 1311/1329 and substrate 1365, a 
diode 1353 coupled between interface pads 1321/1323 and substrate 
1365 and a diode 1355 coupled between interface pads 1309/1327 and 
substrate 1365. It is noted that substrate 1365 is also represented as 
ground in the schematic of integrated circuit die 1301. 

Similar to the operation of integrated circuit die1201, it is 
assumed that when interface pads 1311/1329 are at a high logical 
value, interface pads 1309/1327 are at a low logical value and vice 
versa. Similarly, it is assumed that when interface pads 1315/1317 are 
at a high logical value, interface pads 1321 and 1323 are at the low 
logical value or vice versa. 
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In order to reduce the amount that the substrate 1365 of 
integrated circuit die 1301 "floats" above zero volts, at least one of the 
diodes 1349, 1351, 1353 or 1355 will pull substrate 1365 down to zero 
volts. For example, assume that substrate 1365 rises to a voltage 
greater than zero volts and that interface pads 1317/1315 are at zero 
volts. In this situation, diode 1349 will "turn on" to maintain substrate 
1365 at ground. Operation of diodes 1351, 1353 and 1355 is similar. 
By maintaining substrate 1365 at zero volts, it is appreciated that the 
risks of latch up other undesirable consequences are reduced. 

Figure 14 is an illustration showing one embodiment of a layout 
of an integrated circuit die 1401 in a substrate 1445 in accordance with 
the teachings of the present invention. The layout of integrated circuit 
die 1401 of Figure 14 corresponds to either one of the embodiments 
illustrated in Figures 12 or 13. In one embodiment, substrate 1445 is a 
semiconductor substrate including silicon. In one embodiment, 
substrate 1445 is a semiconductor substrate including single crystal 
silicon. 

In one embodiment, integrated circuit die includes vias 1407, 
1409, 1411, 1413, 1415, 1417, 1419, 1421, 1423, 1425, 1427, 1459 
and 1431. The vias of the integrated circuit die 1401 are coupled to 
interface pads 1207, 1209, 1211, 1213, 1215, 1217, 1219, 1221, 1223, 
1225, 1227, 1229 or 1231, respectively. The vias of integrated circuit 
die 1401 may also be coupled to interface pads 1307, 1309, 1311, 
1313, 1315, 1317, 1319, 1321.1323, 1325, 1327, 1329 or 1331, 
respectively. 

As shown in Figure 14, a channel 1433 is disposed in substrate 
1445 and is coupled between interface pads 1419 and 1407. Channel 
1433 is also coupled between interface pads 1419 and 1425. A 
channel 1435 is disposed and substrate 1445 and is coupled between 
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interface pads 1413 and 1419. Channel 1435 is also coupled between 
interface pad 1431 and 1419. 

As also shown in Figure 14, a gate 1441 is coupled between 
interface pads 1415 and 1417 and is disposed over a portion of channel 
1435 between interface pads 1413 and 1419. Gate 1441 is also 
disposed over a portion of channel 1433 disposed between interface 
pads 1407 and 1419. A gate 1443 is coupled between interface pads 
1421 and 1423. Gate 1443 is disposed over a portion of channel 1435 
between interface pads 1419 and 1431. Gate 1443 is also disposed 
over a portion of channel 1433 between interface pads 1419 and 1425. 
A gate 1437 is coupled between interface pads 1411 and 1429 and is 
disposed over a portion of channel 1435 between interface pads 1413 
and 1419. Gate 1437 is also disposed over a portion of channel 1435 
between interface pads 1419 and 1431. A gate 1439 is disposed 
between interface pads 1409 and 1427 and is disposed over a portion 
of channel 1433 between interface pads 1419 and 1407. Gate 1439 is 
also disposed over a portion of channel 1433 between interface pads 
1419 and 1425. 

It is noted that gate 1437 provides a direct crossover path or 
pass-through conduit between interface pads 1411 and 1429. Gate 
1439 provides a direct crossover path between interface pads 1409 and 
1427. Gate 1441 provides a direct crossover path between interface 
pads 1415 and 1417. Gate 1443 provides a direct crossover path 
between interface pads 1421 and 1423. 

As can be observed from the illustration in Figure 14, the layout of 
integrated circuit die 1401 has two degrees of symmetry, even though 
element 1105 has four degrees of symmetry. Therefore, it is 
appreciated that the layout of an integrated circuit die in accordance 
with teachings of the present invention may have a different number of 
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degrees of symmetry than the corresponding element. 

Figure 15 is an illustration of one embodiment of a substrate 1501 
of the electronic device. In the embodiment illustrated Figure 15, the 
electronic device of substrate 1501 is an active matrix display. As 
shown in Figure 15, substrate 1501 includes pixels 1505, 1507, 1509, 
1511, 1513, 1515, 1517, 1519, 1521, 1523, 1525 and 1527. Substrate 
1501 also includes receptor sites 1529, 1531, 1533 and 1535. In the 
embodiment illustrated in Figure 15, receptor sites 1529, 1531, 1533 
and 1535 are compatible with the integrated circuit dice discussed 
above with respect to Figures 11-14. For example, a plurality of 
integrated circuit dice having the schematics of integrated circuit die 
1201 may be mounted into receptor sites 1529, 1531, 1533 and 1535 in 
any one of the above discussed plurality of orientations to enable the 
active matrix display of substrate 1501 to function properly. 

As shown in Figure 15, pixels 1505 and 1507 are coupled to 
interface pads 1543 and 1537, respectively, of receptor site 1529. 
Pixels 1509 and 1511 are coupled to interface pads 1559 and 1563, 
respectively, of receptor site 1531. Pixel 1513 is coupled to interface 
pad 1561 of receptor site 1529 and interface pad 1595 of receptor site 
1533. Pixel 1515 is coupled to interface pad 1555 of receptor site 1529 
and interface pad 1589 of receptor site 1533. Pixel 1517 is coupled to 
interface pad 1587 of receptor site 1531 and interface pad 1522 of 
receptor site 1535. Pixel 1519 is coupled to interface pad 1581 of 
receptor site 1531 and interface pad 1516 of receptor site 1535. 
Interface pads 1521 and 1523 are coupled to interface pads 1514 and 
1508, respectively, of receptor site 1533. Pixels 1525 and 1527 are 
coupled to interface pads 1542 and 1536, respectively of receptor site 
1535. 

Assuming that integrated circuit dice such as for example those 
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discussed above with respect to Figures 11-14 are mounted into 
receptor sites 1529, 1531, 1533 and 1535, operation of the active matrix 
display of the substrate 1501 is as follows. In one embodiment, a digital 
column select line 1554 is coupled to be received by interface pads 
1541 and 1559 of receptor site 1529 and interface pads 1593 and 1512 
of receptor site 1533. Digital column select line 1556 is coupled to be 
received by interface pads 1539 and 1557 of receptor site 1529 and 
interface pads 1591 and 1510 of receptor site 1533. Digital column 
select line 1558 is coupled to be received by interface pads 1557 and 
1585 of receptor site 1531 and interface pads 1520 and 1540 of 
receptor site 1535. Digital column select line 1560 is coupled to be 
received by interface pads 1565 and 1583 of receptor site 1531 and 
interface pads 1518 and 1538 of receptor site 1535. 

In the embodiment illustrated in Figure 15, digital row select line 
1554 couples together interface pad 1545 of receptor site 1529 and 
interface pad 1573 of receptor site 1531. Digital row select line 1546 
couples together interface pad 1551 of receptor site 1529, interface pad 
1579 of receptor site 1531, interface pad 1597 of receptor site 1533 and 
interface pad 1528 of receptor site 1513. Digital row select line 1548 
couples together interface pad 1504 of receptor site 1533 and interface 
pad 1534 of receptor site 1535. 

As discussed above with respect to the integrated circuit dice of 
Figures 12-14, the integrated circuit dice that are mounted into receptor 
sites 1529, 1531, 1533 and 1535 include direct crossover connections 
or pass-through conduits between certain pairs of interface pads. For 
instance, interface pad 1547 and 1545 will be directly coupled after an 
integrated circuit die is mounted into receptor site 1529, thereby 
illuminating the need for a corresponding crossover in the metalization 
layers of the active matrix display of substrate 1501 . Similarly, interface 
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pad 1551 will be directly coupled to interface pad 1553. Interface pad 
1597 will be directly coupled to interface pad 1599 and interface pad 
1504 will be directly coupled to interface pad 1506. Interface pad 1571 
will be directly coupled to interface pad 1573 and interface pad 1577 
will be directly coupled to interface pad 1579. Interface pad 1524 will be 
directly coupled to interface pad 1 528 and interface pad 1 532 will be 
directly coupled to interface pad 1534. 

Thus, in the embodiment illustrated in Figure 15, only one layer of 
metalization, and therefore only one masking step, is needed after the 
integrated circuit dice are mounted into receptor sites 1529, 1531, 1533 
and 1535. As can be appreciated to those skilled in the art, since only 
one layer of metalization is needed, only one masking step is needed in 
one embodiment of the present invention. 

With the above discussed crossover connections, interface pads 
1547, 1545, 1573 and 1571 are coupled to receive one digital row 
select signal. Interface pads 1553, 1551, 1579, 1577, 1599, 1597, 1528 
and 1524 are coupled to receive another digital row select signal. 
Interface pads 1506, 1504, 1534 and 1532 are coupled to receive yet 
another digital row select signal. 

In one embodiment, digital column select line 1554 is used to 
select the column of the active matrix display of substrate 1501 including 
pixels 1505, 1513 and 1521. Digital column select line 1556 is used to 
select the column including pixels 1507, 1515 and 1523. Digital column 
select line 1558 is used to select the column including pixels 1509, 
1517 and 1525. Digital column select line 1560 is used to select the 
column including pixels 1511, 1519 and 1527. In one embodiment, the 
digital row select line coupled to be received by interface pads 1547, 
1545, 1573 and 1571 is used to select the row of pixels including pixels 
1505, 1507, 1509 and 151 1. The digital row select line coupled to be 
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received by interface pads 1553, 1551, 1579, 1577, 1599, 1597, 1528 
and 1524 is used to select the row of pixels including pixels 1513, 1515, 
1517 and 1519. The digital row select line coupled to be received by 
interface pads 1506, 1504, 1534 and 1532 is used to select the row of 
pixels including pixels 1521, 1523, 1525 and 1527. By using the above 
discussed digital row select lines and digital column select lines, it is 
appreciated that each pixel of the active matrix display of substrate 1501 
can be individually addressed in accordance with the teachings of the 
present invention. 

In the embodiment illustrated in Figure 15, analog line 1550 
carries analog pixel information and is coupled to be received by 
interface pad 1549 of receptor site 1529 and interface pad 1502 of 
receptor site 1533. Analog line 1552 also carries pixel information and 
is coupled to be received by interface pad 1575 of receptor site 1531 
and interface pad 1513 of receptor site 1535. 

Assume during operation of the active matrix display of substrate 
1501 that digital column select lines 1556 and 1560 are set to a logical 
high value and that digital column select lines 1554 and 1558 are set to 
a logical low value. In this instance, the columns of pixels including 
pixels 1507, 1515 and 1553 as well as pixels 1511, 1519 and 1527 are 
selected. The columns including pixels 1505, 1513 and 1521 as well as 
pixels 1509, 1517 and 1525 are deselected. 

Assume further that the digital row select signal coupled to be 
received by interface pads 1553, 1551, 1579, 1577, 1599, 1597, 1528 
and 1524 is set to a logical high value. Assume also that the digital row 
select signals coupled to be received by interface pads 1547, 1545, 
1573, 1571, 1506, 1504, 1534 and 1532 are set to a logical low value. 
Thus, the row of pixels in the active matrix display of substrate 1501 
including pixels 1513, 1515, 1517 and 1519 is selected. The rows of 
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1527 are deselected. 

With the digital row and column select lines set as described 
above, it is appreciated that pixels 1515 and 1519 are individually 
selected while the remaining pixels are deselected. With pixel 1515 
selected, the analog information carried in analog line 1515 is coupled 
to be received by pixel 1515 from interface pad 1549 through interface 
pad 1555. In addition, the analog information carried in analog line 
1515 is also coupled to be received by pixel 1515 from interface pad 
1502 through interface pad 1589. Similarly, the analog information 
carried in analog line 1552 is coupled to be received by pixel 1519 from 
interface pad 1575 through interface pads 1581. Furthermore, the 
analog information carried in analog line 1552 is also coupled to be 
received by pixel 1519 from interface pad 1530 through interface pad 

1516. It is appreciated that the remaining pixels shown in Figure 15, 
with the digital row and column select lines set as described above, are 
deselected and are therefore not coupled to receive analog information 
from analog lines 1550 and 1552. 

It is noted that each pixel 1505, 1507, 1509, 1511, 1513, 1515, 

1517, 1519, 1521 , 1523, 1525 and 1527 of the active matrix display 
illustrated in Figure 15 is redundantly coupled to receive analog pixel 
information through a plurality of receptor sites in accordance with the 
teachings of the present invention. Is appreciated that this redundancy 
provides additional reliability to the active matrix display of Figure 15 in 
the event that there is a failure in an integrated circuit device that is 
mounted in receptor sites 1529, 1531, 1533 or 1535. 

Figure 16 is an illustration of a wafer 1601 in accordance with the 
teachings of the present invention. In one embodiment, a plurality of 
integrated circuit dice 1603, 1605, 1607 and 1609 are fabricated 
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arranged on an individual wafer 1601. After wafer 1601 is fabricated 
and tested, a boundary area 161 1 of wafer 1601 is removed to separate 
integrated circuit dice 1603, 1605, 1607 and 1609 from each other. As 
will be discussed in greater detail below, wafer 1601 includes testing 
interconnects coupled between some of the interface pads of the 
integrated circuit dice of wafer 1601 . These testing interconnects 
enable testing of each of the integrated circuit dice included in wafer 
1601. Defective integrated circuit dice that are identified may be marked 
and discarded while the remaining non-defective integrated circuit dice 
of wafer 1601 may be utilized. The testing interconnects that are 
disposed across boundary area 1611 are severed when the integrated 
circuit dice 1603, 1605, 1607 and 1609 are separated. 

In the embodiment illustrated in Figure 16, integrated circuit dice 
1603, 1605, 1607 and 1609 correspond to the integrated circuit dice 
discussed above with respect to Figures 11-14, and may be utilized in 
the receptor sites of Figure 15. Thus, in one embodiment, the function of 
interface pads 1637, 1639, 1641, 1643, 1653, 1655, 1661, 1665, 1667, 
1673, 1675, 1677 and 1679 correspond to the function of interface pads 
1413, 1411, 1409,1407,1417, 1415,1419, 1423,1421,1431, 1429,1427 
and 1425, respectively. The function of interface pads 1645, 1647, 
1649, 1651, 1657, 1659, 1663, 1669, 1671, 1681, 1683, 1685 and 1687 
correspond to the function of interface pads 1413, 1411, 
1409,1407,1417, 1415,1419, 1423,1421,1431, 1429,1427 and 1425, 
respectively. The function of interface pads 1689, 1691, 1693, 1695, 
1606, 1608, 1614, 1618, 1620, 1626, 1628, 1630 and 1632 correspond 
to function of interface pads 1413, 1411, 1409,1407,1417, 1415,1419, 
1423,1421,1431, 1429,1427 and 1425, respectively. Finally, the 
function of interface pads 1697, 1699, 1602, 1604, 1610, 1612, 1616, 
1622, 1624, 1634, 1636, 1638 and 1640 correspond to the function of 
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interface pads 1413, 1411, 1409,1407,1417, 1415,1419, 
1423,1421,1431, 1429,1427 and 1425, respectively. 

In one embodiment, wafer 1601 also includes additional circuitry 
used for testing the integrated circuit dice 1603, 1605, 1607 and 1609. 
In the embodiment illustrated, the additional circuitry performs similar 
function as the corresponding interface pads of integrated circuit dice 
1603, 1605, 1607 and 1609. In particular, the function of interface pads 
1642, 1644, 1646, 1648, 1650, 1652 and 1654 correspond to the 
function of interface pads 1409, 1407,1445, 1419, 1421, 1427 and 
1425. The function of interface pads 1656, 1658, 1660, 1662, 1664, 
1 666 and 1 668 also correspond to the function of interface pads 1 409, 
1407,1445, 1419, 1421, 1427 and 1425. The function of interface pads 
1670, 1672, 1674, 1676, 1678, 1680 and 1682 correspond to the 
function of interface pads 1413, 1411, 1417, 1419, 1423, 1431 and 
1429. Finally, the function of interface pads 1684, 1686, 1688, 1690, 
1 692, 1 694 and 1 696 also correspond to the function of interface pads 
1413, 1411, 1417, 1419, 1423, 1431 and 1429. 

As shown in Figure 16, wafer 1601 includes testing interconnects 
coupling across boundary area 1611 interface pads 1644 and 1637, 
1646 and 1653, 1650 and 1665, 1654 and 1673, 1658 and 1689, 1660 
and 1606, 1664 and 1618, 1668 and 1626, 1643 and 1645, 1655 and 
1657, 1667 and 1669, 1679 and 1681, 1695 and 1697, 1608 and 1610, 
1620 and 1622, 1632 and 1634, 1651 and 1670, 1659 and 1674, 1671 
and 1678, 1687 and 1680, 1604 and 1684, 1612 and 1688, 1624 and 
1692 and 1640 and 1694. Wafer 1601 also includes testing 
interconnects coupled between interface pads 1648 and 1662, 1652 
and 1 656, 1 682 and 1 686 and 1 676 and 1 690. Furthermore, wafer 
1601 includes interconnects 1613, 1615, 1617 and 1619 to access 
interface pads 1648, 1651, 1663 and 1676, respectively. 
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As shown in Figure 16, one embodiment of wafer 1601 also 
includes digital row select line 1621 coupled to be received by interface 
pad 1646. Digital row select line 1623 is coupled to be received by 
interface pad 1678. Digital row select line 1625 is coupled to be 
received by interface pads 1660. Digital row select line 1627 is coupled 
to be received by interface pad 1692. In one embodiment, wafer 1601 
also includes digital column select line 1629 coupled to interface pads 
1628 and 1696. Digital column select line 1631 is coupled to interface 
pad 1630. Digital column select line 1633 coupled to interface pads 
1666 and 1636. Digital column select line 1635 coupled to interface 
pad 1638. 

Testing of the integrated circuit dice 1603, 1605, 1607 and 1609 
of wafer 1601 may be conducted as follows. To test the integrated 
circuit devices in connection with the switchable coupling between 
interface pads 1661 and 1637, digital row select line 1621 and digital 
column select lines 1629 and 1633 are set to logical high value while 
digital row select lines 1623, 1625 and 1627 and digital column select 
line 1631 are set to a logical low value. It is appreciated that by setting 
the digital column in row select lines as described above, the switchable 
coupling between interface pads 1648 and 1661 is also switched on. 
By setting the digital column and row select lines to settings other than 
those described above, the switchable couplings between interface 
pads 1648 and 1661 and interface pads 1661 and 1637 is switched off. 

With the digital column and row select lines settings described 
above, the switchable couplings may be tested through testing 
interconnects 1613 and 1615. In particular, with digital row select line 
1621 at a logical high value, interface pads 1646 and 1653 receive a 
logical high value. Similarly, with digital column select lines 1629 and 
1633 and logical high values, interface pads 1642 and 1639 receive 
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logical high values. It is reminded that interface pad 1642 receives the 
logical high value from digital column select line 1633 through the direct 
crossover connection between interface pads 1642 and 1652, the 
testing interconnect between interface pads 1652 and 1656 and the 
direct crossover connection between interface pads 1656 and 1666. 
Similarly, it is appreciated that interface pad 1 639 receives the logical 
high value from digital column select line 1629 through the direct 
crossover connection between interface pads 1639 and 1675, the 
testing interconnect between interface pads 1675 and 1691 and the 
direct crossover connection between interface pads 1691 and 1628. 
Therefore, the coupling between testing interconnects 1613 and 1615 is 
through interface pad 1648 from interface pad 1644, through the testing 
interconnect between interface pads 1644 and 1637 and from interface 
pad 1637 through interface pad 1661. 

In one embodiment, it is appreciated that the integrated circuit 
devices in connection with the switchable coupling between interface 
pads 1663 and 1651 may be tested concurrently with the testing of the 
integrated circuit devices in connection with the switchable coupling 
between interface pads 1661 and 1637. In particular, with digital row 
select line 1621 set to logical high value, digital row select lines 1623, 
1625 and 1627 set to logical low value, digital column select lines 1629 
and 1635 set to logical high value and digital column select lines 1631 
and 1633 set to logical low value, a switchable coupling can be verified 
between interface pads 1648 and 1661 and 1663 and 1676 
concurrently in accordance with the teachings of the present invention. 
In particular, with digital row select line 1621 at a logical high value, 
interface pads 1659 and 1674 as well as interface pads 1646 and 1653 
receive the logical high value. With digital column select lines 1629 and 
1635 set to logical high value, interface pads 1639 and 1675, 1672 and 
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1682 as well as 1649 and 1685 receive logical high values. The 
switchable coupling that can be verified between testing interconnects 
1617 and 1619 is a from interface pad 1663 through interface pad 1651, 
through the testing interconnect between interface pads 1651 and 1670, 
and from interface pads 1670 through interface pad 1676. 

In one embodiment, after the above described switchable 
couplings have been verified, testing may continue to the next 
switchable couplings in the integrated circuit dice of wafer 1601 by 
setting the digital column and row select lines of wafer 1601 
accordingly. For example, after the switchable coupling between 
interface pads 1637 and 1661 has been tested, the switchable coupling 
between interface pads 1661 and 1673 may be tested by setting digital 
row select line 1621 to logical low value and setting digital row select 
line 1623 to a high logical value. The digital column select lines settings 
remain unchanged. Next, the switchable coupling between interface 
pads 1689 and 1614 may be tested by setting digital row select line to a 
logical low value and setting digital row select line 1625 to logical high 
value. The digital column select line values remain unchanged. To test 
the switchable coupling between interface pads 1614 and 1626, digital 
row select line 1625 is set to the logical low value and digital row select 
line 1627 is set to high logical value. Once again, the digital column 
select line values remain in change. Next, testing can proceed to the 
another column in accordance with the teachings of the present 
invention. 

After all the switchable couplings of the integrated circuit dice of 
wafer 1601 have been successfully verified, the integrated circuit dice 
may be separated and utilized in accordance with the teachings of the 
present invention. In the event that a defect is identified using the above 
described testing procedure, the defective integrated circuit die may be 
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marked and set aside while the remaining properly functioning 
integrated circuit dice may be utilized. 

In the environment illustrated in Figure 16, integrated circuit dice 
1603, 1605, 1607 and 1609 are separated by removing the boundary 
area 1611 of wafer 1601. By removing boundary area 161 1, is noted 
that the testing interconnects crossing boundary area 161 1 are severed. 
In one embodiment, it is noted that the severing of these testing 
interconnects between the interface pads of neighboring integrated 
circuit dice is acceptable after testing of the corresponding wafer has 
been completed as the testing interconnects are no longer are utilized. 

It is appreciated that the embodiment illustrate in Figure 16 is 
merely in one embodiment of a wafer including a plurality of integrated 
circuit dice arranged therein. It is appreciated that other embodiments of 
wafer is, such as for example a wafer including a larger or smaller 
number of integrated circuit dice arranged thereon, may also be tested 
in accordance with teachings of the present invention. 

Figure 17 is an illustration of yet another embodiment of an 
element 1705 and a corresponding receptor site 1703 in a substrate 
1701 in accordance with the teachings of the present invention. As 
shown in Figure 17, the cross-section of element 1705 in one 
embodiment is trapezoidal. The trapezoidal cross-section of the 
elements of one embodiment of the present invention help element 
1705 to be mounted into receptor site 1703 using fluidic self-assembly, 
vibrational tables, or the like. 

Similar to element 209 and receptor site 203 of Figure 2, element 
1705 and receptor site 1703 are mutually symmetric such that element 
1705 may be mounted into receptor site 1703 in any one of a plurality of 
orientations relative to receptor site 1703. In one embodiment, element 
1705 is an integrated circuit die on a substrate. In one embodiment, the 



WO 00/49421 



PCT/US00/04018 



-43- 

integrated circuitry of element 1705 is coupled to a plurality of interface 
pads 1707, 1709, 1717, 1713, 1715, 1717, 1719, 1721, 1723, 1725, 
1727, 1729, 1731, 1733, 1735 and 1737 which are arranged on the 
substrate of element 1705. Similarly, there are a plurality of interface 
pads 1739, 1741, 1743, 1745, 1747, 1749, 1751, 1753, 1755, 1757, 
1759, 1761, 1763, 1765, 1767 and 1769 arranged in receptor site 1703. 

The above referenced interface pads are arranged in a pattern 
such that the interface pads of element 1705 and the interface pads of 
receptor site 1703 are coupled when element 1705 is mounted in 
receptor site 1703 in any one of a plurality of rotations. When mounted 
in any one of the plurality of orientations, the integrated circuit of 
element 1705 will provide proper function for an electronic device of 
substrate 1701 . For explanation purposes only, assume that the top of 
Figure 17 is "North" and that arrow 1706 is fixed on element 1705 as 
shown in Figure 17. In the embodiment illustrated in Figure 17, element 
1705 and receptor site 1703 each have four-fold or four degrees 
symmetry. In the embodiment illustrated in Figure 17, element 1705 
may be mounted into receptor site 1703 with arrow 1706 pointing either 
"North," "East," "South" or "West." 

Figure 18 is a schematic of one embodiment integrated circuit 
1801 that may be included in element 1705 in accordance with the 
teachings of the present invention. As shown in Figure 18, integrated 
circuit 1801 includes transistors 1839 and 1841 coupled between 
interface pads 1807 and 1817. Transistors 1843 and 1845 are coupled 
between interface pads 1813 and 1819. Transistors 1847 and 1849 are 
coupled between interface pads 1825 and 1831. Transistors 1851 and 
1853 are coupled between interface pads 1827 and 1837. 

As shown in Figure 18, the gate of transistor 1839 is coupled to 
interface pad 1809 and the gate of transistor 1841 is coupled to 
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interface pad 1815. The gate of transistor 1843 is coupled to interface 
pad 181 1 and the gate of transistor 1845 is coupled to interface pad 
1821. The gate of transistor 1847 is coupled to interface pad 1823 and 
the gate of transistor 1849 is coupled to interface pad 1853. The gate of 
transistor 1851 is coupled to interface pad 1829 and the gate of 
transistor 1853 is coupled to interface pad 1835. 

It is worthwhile to note that integrated circuit 1801 provides direct 
crossover paths or pass-through conduits between several pairs of the 
interface pads. In particular, in the embodiment illustrated in Figure 18, 
interface pad 1809 is directly coupled to interface pad 1833 through 
crossover path 1861 . Interface pad 181 1 is directly coupled to interface 
pad 1835 through crossover path 1859. Interface pad 1821 is directly 
coupled to interface pad 1815 through crossover path 1855. Interface 
pad 1829 is directly coupled to interface pad 1823 through crossover 
path 1857. In one embodiment, crossover paths 1855,1857,1859 and 
1861 eliminate the need for multiple metalization layers of a completed 
electronic device utilizing integrated circuit 1801. 

During operation, inierface pad 1817 is coupled to interface pad 
1807 when a logical high signal is received on interface pads 
1809/1833 or 1815/1821 . Interface pad 1819 is coupled to interface 
pad 1813 when a logical high signal is received on interface pads 
1811/1835 or 1821/1815. Interface pad 1827 is coupled to interface 
pad 1837 when a logical high signal is received on interface pads 
1829/1823 or 1835/181 1 - Interface pad 1825 is coupled to interface 
pad 1831 when a logical high signal is received on interface pads 

1823/1829 or 1833/1809. 

Figure 19 is an illustration of one embodiment of a receptor site 
1901 of the substrate of an electronic device. In the embodiment 
illustrated Figure 19, the electronic device is an active matrix display. As 
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shown in Figure 19, receptor site 1501 includes interface pads 1907, 
1913, 1915, 1917, 1919, 1921, 1923, 1925, 1927, 1929, 1931 and 
1937. In one embodiment, a pixel is coupled to interface pad 1907 
through connection 1953 and to interface pad 1931 through connection 
1957. Another pixel is coupled to interface pad 1913 through 
connection 1951 and to interface pad 1937 through connection 1955. 

In the embodiment illustrated in Figure 19, receptor sites 1901 is 
compatible with the integrated circuit die discussed above with respect 
to Figures 17 and 18. For example, a plurality of integrated circuit dice 
having the schematics of integrated circuit die 1801 may be mounted 
into receptor site 1901 in any one of the above discussed plurality of 
orientations to enable the active matrix display of receptor site 1501 to 
function properly. 

As shown in Figure 19, a digital row select line 1943 is coupled to 
be received by interface pads 1921 . In one embodiment, when 
integrated circuit die 1801 is mounted in receptor site 1901, interface 
pad 1915 is coupled to interface pad 1921 through a crossover 
connection. As shown in Figure 19, a digital row select line 1945 is 
coupled to be received by interface pad 1929. In one embodiment, 
when integrated circuit die 1801 is mounted in receptor site 1901, 
interface pad 1923 is coupled to interface pad 1929 through a crossover 
connection. As shown in Figure 19, an analog line 1939 is coupled to 
interface pads 1919 and 1927. Note that in this embodiment, analog 
line 1939 is not coupled to region 1911 and region 1935. An analog 
line 1941 is coupled to interface pads 1917 and 1925. Note that in this 
embodiment, analog line 1941 is not coupled to region 1909 and region 
1933. 

In the embodiment illustrated in Figure 19, analog line 1939 
carries analog pixel information to drive pixels coupled to interface pads 
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1913 and 1937, which are selected by signals carried on digital row 
select lines 1943 and 1945. Analog line 1941 carries analog pixel 
information to drive pixels coupled to interface pads 1907 and 1931, 
which are selected by signals carried on digital row select lines 1943 
and 1945. 

In the foregoing detailed description, the method and apparatus 
of the present invention has been described with reference to specific 
exemplary embodiments thereof. However, it will be evident that 
various modifications and changes may be made thereto without 
departing from the broader spirit and scope of the present invention. 
The present specification and figures are accordingly to be regarded as 
illustrative rather than restrictive. 
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CLAIMS 

What is claimed is: 

1 . A method for testing a plurality of integrated circuits, the 
method comprising the steps of: 

arranging the plurality of integrated circuits on a wafer, the 
plurality of the integrated circuits including a first integrated circuit 
arranged on the wafer adjacent to a second integrated circuit; 

coupling across a boundary region of the wafer a first end of a 
switchable coupling of the first integrated circuit to a first end of a 
switchable coupling of the second integrated circuit; 

verifying a switchable coupling between a second end of the 
switchable coupling of the first integrated circuit and a second end of the 
switchable coupling of the second integrated circuit across the boundary 
region of the wafer; and 

removing the boundary region of the wafer to separate the first 
integrated circuit from the second integrated circuit. 

2. The method of claim 1 wherein the step of removing the 
boundary region of the wafer includes the step of severing a testing 
interconnect coupling across the boundary region of the wafer the first 
end of the switchable coupling of the first integrated circuit to the first 
end of the switchable coupling of the second integrated circuit. 

3. The method of claim 1 wherein the step of verifying the 
switchable coupling between the second end of the switchable coupling 
of the first integrated circuit and the second end of the switchable 
coupling of the second integrated circuit comprises the steps of: 

selecting the first end of the switchable coupling of the first 
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integrated circuit to be coupled to the second end of the switchable 
coupling of the first integrated circuit; 

selecting the first end of the switchable coupling of the second 
integrated circuit to be coupled to the second end of the switchable 
coupling of the second integrated circuit; and 

verifying that the second end of the switchable coupling of the first 
integrated circuit is coupled to the second and of the switchable 
coupling of the second integrated circuit. 

4. The method of claim 1 wherein the step of verifying the 
switchable coupling between the second end of the switchable coupling 
of the first integrated circuit and the second end of the switchable 
coupling of the second integrated circuit comprises the steps of: 

selecting the first end of the switchable coupling of the first 
integrated circuit to be decoupled from the second end of the switchable 
coupling of the first integrated circuit; 

selecting the first end of the switchable coupling of the second 
integrated circuit to be decoupled from the second end of the switchable 
coupling of the second integrated circuit; and 

verifying that the second end of the switchable coupling of the first 
integrated circuit is decoupled from the second and of the switchable 
coupling of the second integrated circuit. 

5. The method of claim 1 including a the additional step of 
marking the first and second integrated circuits if the verifying step is 
unsuccessful. 

6. The method of claim 1 including the additional step of marking 
the first and second integrated circuits if the verifying step is successful. 
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7. The method of claim 1 wherein the plurality of integrated 
circuits further includes a third integrated circuit arranged on the wafer 
adjacent to a fourth integrated circuit, the method including the 

additional steps of: 

coupling across the boundary region of the wafer a first end of a 
switchable coupling of the third integrated circuit to a first end of a 
switchable coupling of the fourth integrated circuit; 

verifying a switchable coupling between a second end of the 
switchable coupling of the third integrated circuit and a second end of 
the switchable coupling of the fourth integrated circuit across the 
boundary region of the wafer; and 

separating at the boundary region of the wafer the third integrated 
circuit from the fourth integrated circuit. 

8. A wafer including a plurality of integrated circuit dice arranged 

in an array, comprising: 

a first switchable coupling included in a first integrated circuit die 
included among the plurality of integrated circuit dice; 

a second switchable coupling included in a second integrated 
circuit die included among the plurality of integrated circuit dice, the first 
integrated circuit die arranged in the array adjacent to the second 
integrated circuit die across a boundary region, the boundary region to 
be removed from the wafer to separate the plurality of the integrated 
circuit dice; and 

a testing interconnect coupled between a first end of the first 
switchable coupling and a first end of the second switchable coupling 
across the boundary region such that a second end of the first 
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switchable coupling is switchably coupled to a second end of the 
second switchable coupling. 

9 j ne wa fer of claim 8, further comprising a first select line 
coupled to the first and second switchable couplings across the 
boundary region to selectively activate or deactivate the first and second 
switchable couplings. 

10. The wafer of claim 9, further comprising: 

a second select line coupled to the first switchable coupling 

across the boundary region; and 

a third select line coupled to the second switchable coupling 

across the boundary region, the second and third select lines to 

selectively activate or deactivate the first and second switchable 

couplings, respectively. 

11. The wafer of claim 9, further comprising: 

a third switchable coupling included in the first integrated circuit 
die, the third switchable coupling having a second end coupled to the 
second end of the to first switchable coupling; and 

a fourth select line coupled to the third switchable coupling 
across the boundary region to selectively activate or deactivate the third 
switchable coupling, the third switchable coupling to be deactivated 
when the first switchable coupling is activated. 

12. The wafer of claim 1 1 , further comprising: 
a fourth switchable coupling included in the second integrated 
circuit die, the fourth switchable coupling having a second and coupled 
to the second end of the second switchable coupling; and 
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a fifth select line coupled to the fourth switchable coupling across 
the boundary region to selectively activate or deactivate the fourth 
switchable coupling, the fourth switchable coupling to be deactivated 
when the second switchable coupling is activated. 

13. The wafer of claim 1 1 , further comprising: 

a fourth switchable coupling included in the second integrated 
circuit die, the fourth switchable coupling having a second and coupled 
to the second end of the second switchable coupling; 

the fourth select line coupled to the fourth switchable coupling 
across the boundary region to selectively activate or deactivate the 
fourth switchable coupling, the fourth switchable coupling to be 
deactivated when the second switchable coupling is activated. 

14. The wafer of claim 8, further comprising: 

a fifth switchable coupling included in a third integrated circuit die 
included among the plurality of integrated circuit dice; and 

a second testing interconnect coupled between the second end 
of the first switchable coupling and a second end of the fifth switchable 
coupling across the boundary region; and 

15. The wafer of claim 14, further comprising: 

a sixth switchable coupling included in a fourth integrated circuit 
die included among the plurality of integrated circuit dice; 

a third testing interconnect coupled between the second of the 
the second switchable coupling and a second end of the sixth 
switchable coupling across the boundary region. 

16. A method for testing a plurality of integrated circuits, the 
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method comprising the steps of: 

providing a wafer having the plurality of integrated circuits 
arranged thereon, the wafer including a boundary region disposed 
between each one of the plurality of integrated circuits; 

coupling an output of the a first switchable coupling of a first one 
of the plurality of integrated circuits to an output of a second switchable 
coupling of second one of the plurality of integrated circuits, the output of 
the the first and second switchable couplings coupled through a first 
testing interconnect disposed across the boundary region; 

activating selectively through a second testing interconnect 
disposed across the boundary region the first and second switchable 
couplings; 

accessing through a third testing interconnect disposed across 
the boundary region an input of the first switchable coupling; 

accessing through a fourth testing interconnect disposed across 
the boundary region an input of the second switchable coupling; 

verifying a switchable coupling between the first and second 
switchable couplings through the third and fourth testing interconnects; 
and 

removing the boundary region of the wafer to separate the 
plurality of integrated circuits. 

17. The method of claim 16 wherein the step of removing the 
boundary region of the wafer includes the step of severing the first, 
second, third and the fourth testing interconnects. 

18. The method of claim 16 including the additional step of 
deactivating selectively through a fifth testing interconnect disposed 
across the boundary region a third switchable coupling. 
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19. The method of claim 16 wherein the step of verifying the 
switchable coupling between the first and second switchable couplings 
includes the step of identifying a short circuit in the first and second 
switchable couplings. 

20. The method of claim 16 wherein the step of verifying the 
switchable coupling between the first and second switchable couplings 
includes the step of identifying and open circuit in the first and second 
switchable couplings. 

21 . The method of claim 1 6 were the step of verifying the 
switchable coupling between the first and second switchable couplings 
includes the step of identifying the failed transistor of the first and 
second switchable couplings. 

22. The method of claim 16 including the additional steps of: 
deactivating selectively the first and second switchable couplings; 
activating selectively through a fifth testing interconnect disposed 

across the boundary region a third and a fourth switchable coupling; 
accessing through the third testing interconnect an input of the 

third switchable coupling; 

accessing through the fourth testing interconnect an input of the 

fourth switchable coupling; and 

verifying a switchable coupling between the third and fourth 
switchable couplings through the third and fourth switching 
interconnects. 
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23. The method of claim 22 including the additional step of 
deactivating selectively through the second testing interconnect the first 
and second switchable couplings. 

24. A method for testing a plurality of integrated circuits, the 
method comprising the steps of: 

arranging the plurality of integrated circuits on a wafer, the 
plurality of the integrated circuits including a first integrated circuit 
arranged on the wafer adjacent to a second integrated circuit; 

coupling across a boundary region of the wafer the first integrated 
circuit to the second integrated circuit; 

verifying the first integrated circuit with the second integrated 
circuit across the boundary region of the wafer; and 

removing the boundary region of the wafer to separate the first 
integrated circuit from the second integrated circuit. 

25. The method of claim 24 wherein the step of coupling across 
the boundary region of the wafer the first integrated circuit to the second 
integrated circuit includes the step in of coupling a first end of a 
switchable coupling of the first integrated circuit to a first end of a 
switchable coupling of the second integrated circuit. 

26. The method of claim 25 wherein the step of verifying the first 
integrated circuit with the second integrated circuit across the boundary 
region of the wafer includes the step of verifying a switchable coupling 
between a second end of the switchable coupling of the first integrated 
circuit and a second end of the switchable coupling of the second 
integrated circuit across the boundary region of the wafer. 
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27. The method of claim 24 wherein the step of removing the 
boundary region of the wafer includes the step of severing a testing 
interconnect coupling across the boundary region of the wafer the first 
integrated circuit to the second integrated circuit. 

28. The method of claim 26 wherein the step of verifying the 
switchable coupling between the second end of the switchable coupling 
of the first integrated circuit and the second end of the switchable 
coupling of the second integrated circuit comprises the steps of: 

selecting the first end of the switchable coupling of the first 
integrated circuit to be coupled to the second end of the switchable 
coupling of the first integrated circuit; 

selecting the first end of the switchable coupling of the second 
integrated circuit to be coupled to the second end of the switchable 
coupling of the second integrated circuit; and 

verifying that the second end of the switchable coupling of the first 
integrated circuit is coupled to the second and of the switchable 
coupling of the second integrated circuit. 

29. The method of claim 26 wherein the step of verifying the 
switchable coupling between the second end of the switchable coupling 
of the first integrated circuit and the second end of the switchable 
coupling of the second integrated circuit comprises the steps of: 

selecting the first end of the switchable coupling of the first 
integrated circuit to be decoupled from the second end of the switchable 
coupling of the first integrated circuit; 

selecting the first end of the switchable coupling of the second 
integrated circuit to be decoupled from the second end of the switchable 
coupling of the second integrated circuit; and 
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verifying that the second end of the switchable coupling of the first 
integrated circuit is decoupled from the second and of the switchable 
coupling of the second integrated circuit. 

30. The method of claim 24 including the additional step of 
marking the first integrated circuit according to the verifying step. 
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